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Executive Summary

The radioactive wastes stored in tanks 241-C-201, 241-C-202, 241-C-203, and 241-C-204
(C-200 series tanks) are to be retrieved with the C-200 vacuum retrieval system (VRS). The
VRS will use high-volume, liquid-ring vacuum pumps (LRVPs) to suck the wastes up through an
articulated mast system, separate it from the suspending air, collect and transfer it to a receiver
batch tank, and return the air as exhaust to the waste tank being retrieved. Analysis of potential
accidents has indicated that a break in the line used to return the VRS exhaust to the waste tank
might release unacceptable quantities of suspended radioactive material to the environment.

To estimate the quantity of suspended material in the VRS exhaust line and allow a more
definitive determination of accident risks, the contractor responsible for the C-200 series tanks
waste retrieval, CH2M HILL Hanford Group, Inc. (CH2M HILL), and staff from Pacific
Northwest National Laboratory (PNNL) conducted a series of tests with the VRS using non-
radioactive waste simulants at the Hanford Cold Test Facility. The test plan and procedures are
given by Baide and Huckaby (2003). This report describes the tests conducted and presents and
discusses the results.

The goal of the C-200 VRS aerosol tests was to collect sufficient information to make a
conservative estimate of particulate and aerosol mass concentrations in the VRS exhaust line
under actual operating conditions. Because the potential exists to accumulate waste in the VRS
between the batch tank (where the bulk of the waste is collected) and the exhaust line, and the
accumulation of waste in this section of the VRS directly affects the exhaust aerosol
concentration, it is important to be able to estimate the rate of waste accumulation and relate it to
the exhaust aerosol concentration. Consequently, the tests were designed to evaluate the
collection efficiency of the batch tank, the rate at which waste accumulated in the LRVP seal
water, and the rate at which the LRVP seal water separator released materials to the exhaust line.

Tests were conducted with the VRS retrieving two different waste simulants; one was
intended to represent aqueous wastes conservatively and the other to examine system
performance on a dry material. Aqueous wastes were simulated by water and dry wastes by
graded dry sand in the tests, which used the same process equipment as, under conditions similar
to, the actual retrievals from the C-200 series tanks. The aqueous waste simulant was tagged
with trace levels of nonradioactive Cs, and the LRVP seal water was tagged with trace levels of
Rb.

Testing consisted of collecting air samples from the VRS exhaust line while the VRS was
applied to collect full-scale batches of waste simulant. The exhaust air sample was heated to
evaporate the liquid water portion of the aerosol and then filtered to collect essentially all the
solid particles in the sample air. Samples of the LRVP seal water were collected at the beginning
and end of each test run to establish initial and final conditions of this key process fluid. Also,
the liquid that tended to collect and run along the inside of the exhaust line was sampled during
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the test runs. All samples were subsequently analyzed for chemical tracers (when tests involved
the aqueous waste simulant) or mass and particle size distribution (when tests involved the dry
waste simulant).

Not all tests planned by Baide and Huckaby (2003) were conducted; all the planned aqueous
waste simulant tests were completed, but, after the first dry waste simulant test run, testing was
interrupted and two planned test runs were not conducted. The lack of data from these final two
test runs was determined to be acceptable by the CH2M HILL test coordinator.

Table ES.1 lists the aqueous waste simulant aerosol concentrations measured in the VRS
exhaust line. As indicated in the table, the first test run was performed with a single LRVP
operating, and subsequent test runs were performed with both LRVPs. The aerosol
concentration was expected to increase with each successive test run (because waste simulant
concentrations in the LRVP seal water increase), but the approximately geometric increases
observed were larger than expected. The anomalously high aerosol concentration observed
during the CsCl4 test run may be due to the re-entrainment of droplets from the thin streams of
liquid running along the inside wall of the exhaust line.

Table ES.1. Aqueous Waste Simulant Test Aerosol Mass Concentrations

VRS Exhaust Aqueous Waste Simulant
Test Run Description Aerosol Mass Concentration
(mg/m’)
CsCl1 Test run with one LRVP 2.5
CsCI2 Test run with two LRVPs 6.6
CsCl3 Test run with two LRVPs 25
CsCl4 Test run with two LRVPs 102

The VRS exhaust was estimated to contain from 0.07 to 0.7 mL/m’ of LRVP seal water as an
aerosol, based on measured tracer concentrations in the LRVP seal water and quantities of the
tracers on the aerosol filters. Higher concentrations of seal water aerosol in the exhaust were
associated with increased LRVP operating temperatures and the use of two LRVPs instead of
one. Informal testing performed subsequent to the aerosol tests indicates entrainment of LRVP
seal water is strongly affected by the amount of seal water introduced to the LRVPs. The
amount of condensate and entrained seal water was reduced by approximately a factor of five by
reducing the seal water flowrate.

The VRS batch tank collection efficiency was calculated from the accumulation of aqueous
waste simulant tracer (Cs) in the LRVP seal water. Collection efficiency was markedly higher
for the test conducted with one LRVP than for the three tests conducted with two LRVPs. The
calculated batch tank efficiency with one LRVP was 99.98%; with two LRVPs the average was
about 98.3%. The reason for this difference was not established but could be explained by a
nonrepresentative sample of LRVP seal water or an error in its chemical analysis. Because it is
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inconsistent with subsequent test runs, we recommend that the batch efficiency calculated for the
first test run not be used for safety-related analyses and that the batch tank collection efficiency
be assumed to be 98.3% regardless of whether one or two LRVPs are used.

The single test run using dry waste simulant was determined to produce an exhaust aerosol
with approximately 9.8 mg/m® of simulant. Particle size analysis indicated the acrosol was
composed predominantly of particles smaller than about 50 pm and about 80% of the aerosol
mass was due to particles greater than about 10 pum.

Reference
Baide DG and JL Huckaby. 2003. C-200 Series Retrieval Project — Test Implementation Plan

for Measurement of Particulate and Aerosol Discharge for the Vacuum Retrieval System.
RPP-17356 Rev. 1, CH2M HILL Hanford Group, Inc., Richland, WA.
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1.0 Introduction

The radioactive wastes stored in tanks 241-C-201, 241-C-202, 241-C-203, and 241-C-204
(the C-200 series) are to be retrieved with the C-200 vacuum retrieval system (VRS). The VRS
will use high-volume vacuum pumps to draw the wastes up through an articulated mast system
(AMS), separate it from the suspending air, collect and transfer it to a receiver tank, and return
the air as exhaust to the waste tank being retrieved. Analysis of potential accidents has indicated
that a break in the line used to return the VRS exhaust to the waste tank could release
unacceptable quantities of suspended radioactive material to the environment.

To estimate the quantity of suspended material in the VRS exhaust line and allow a more
definitive determination of accident risks, the contractor responsible for the C-200 series tank
waste retrieval, CH2M HILL Hanford Group, Inc. (CH2M HILL), and staff from Pacific
Northwest National Laboratory (PNNL) conducted a series of tests with the VRS using non-
radioactive waste simulants at the Hanford Cold Test Facility (CTF). The test plan and
procedures are given by Baide and Huckaby (2003). This report describes the tests conducted
and presents and discusses the results.

1.1 C-200 VRS Aerosol Test Objective

The goal of the C-200 VRS aerosol tests was to collect sufficient information to
conservatively bound the particulate and aerosol mass loading in the VRS exhaust line under
actual operating conditions. Based on criteria developed by CH2M HILL safety analysts, the
tests were to provide an aerosol detection limit of about 1 mg/m’.

1.2 C-200 VRS Description

This section provides background information on the C-200 VRS and its operational
conditions during the tests.

1.2.1 Overview of Equipment and Operations

The C-200 VRS consists of the AMS, a batch tank and two waste transfer pumps, two liquid
ring vacuum pumps (LRVPs), the LRVP liquid/air separator vessel, a monitoring and control
system, a portable exhauster, and hose-in-hose transfer lines. The AMS is installed through a
riser on the tank to be retrieved and extended so that its inlet reaches within several inches of the
waste surface. Compressed air is injected at the inlet of the AMS to lower the density of the
waste inside the AMS, and assist the vacuum retrieval of waste vertically into the batch tank.
Water can also be added at the inlet of the AMS as a lubricant for collecting dry wastes. The
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AMS is also equipped with high-pressure “scarifier” jets (1,500 psi) that can be used to break up
and mobilize the waste.

The bulk of the waste drawn up through the AMS is separated from the entraining air in the
batch tank. Waste is collected at the bottom of the batch tank while air exits the top of the tank.
The batch tank has a maximum capacity of approximately 1,200 L, with a working volume of
approximately 950 L. Progressive cavity pumps are used to transfer wastes from the batch tank
to the designated waste receipt tank.

The vacuum system consists of two liquid ring vacuum pumps (LRVPs), a seal water/air
separator vessel, and a seal water cooler. The two pumps may be operated one at a time or
simultaneously. The LRVPs use water as the sealing and heat removal medium. The seal
water/air separator vessel performs two functions. It acts as a cyclone to collect particulate and
aerosols entrained in the LRVP discharge stream, and it serves as the reservoir of seal water.
Seal water collected in the LRVP separator vessel flows through a heat exchanger (to remove the
heat generated by the LRVPs) and back into the LRVPs. High- and low-level switches in the
seal water/air separator vessel maintain proper level for pump operation. The air leaving the
LRVP separator vessel is routed back to the waste tank being retrieved to complete a closed-loop
air recirculation system. More detailed descriptions of the C-200 VRS are given by Baide and
Huckaby (2003).

1.2.2 Aerosol Separation Processes Within the VRS

The VRS uses a sequence of three separation processes to separate retrieved waste from the
exhaust air. These are 1) the bulk separation of waste from air in the batch tank, 2) the mixing
and centrifugal separation of air and waste aerosol with water in the LRVPs, and 3) the cyclonic
separation of LRVP seal water from air in the LRVP separator vessel.

The air and entrained waste enter the batch tank via a side inlet into the top of the tank that
directs the waste and air downward. Gravity and inertia cause the bulk of the waste to
accumulate at the bottom of the batch tank while the air is removed via a vertical pipe in the top
of the tank.

Air and any entrained waste leaving the batch tank enter the LRVPs. The LRVPs use violent
mixing of the incoming air with water and centrifugal forces inside the LRVPs to effect the
removal of particulates from the air. This results in the collection of virtually the entire waste
aerosol that enters the LRVPs by the seal water. However, some of the seal water is itself
entrained as droplets in the air leaving the LRVPs, and to the extent that these droplets contain
dissolved or suspended waste and pass through the LRVP separator vessel, waste can be re-
entrained in the VRS exhaust. Thus, the waste aerosol mass concentration in the VRS exhaust
line is expected to be a strong function of the concentration of waste in the LRVP seal water.
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The mixture of air and LRVP seal water pumped out of the LRVPs enters the LRVP
separator vessel. It is a cyclone separator, and the LRVP separator vessel tends to be very
efficient at removing all particles above a cut size and allows most particles below the cut size to
pass through. The cut size will vary with the velocity of incoming air, the extent to which the
vessel is filled with material (seal water), and the density and aerodynamic properties of the
particles.

Because the concentration of waste in the LRVP water increases steadily as waste aerosol
enters from the batch tank, the waste aerosol mass concentration in the VRS exhaust will also
continue to rise (other things being equal) until the LRVP water is drained and replaced with
fresh water.

1.2.3 Operating Conditions that Maximize Exhaust Aerosols

According to Baide and Huckaby (2003), the bounding conditions that result in the maximum
aerosol concentration in the VRS exhaust line are the following:

e No scarifier or lube water running. Any water addition at the AMS inlet nozzle will
enhance removal in the batch vessel.

e Batch vessel full. A full vessel reduces the available space for inertial or settling effects
and supports resuspension of material.

e Both vacuum pumps operating. Maximum airflow and volume enhances turbulence in
the batch vessel and seal water/air separator vessel, which supports resuspension of
material and short-circuits inertial or settling effects.

e Normal liquid level in the seal water/air separator vessel. Maximum vacuum pump
efficiency creates highest pass-through.

Informal testing performed subsequent to the aerosol tests indicates entrainment of LRVP
seal water is strongly affected by the amount of seal water introduced to the LRVPs. The
amount of condensate and entrained seal water observed during the aerosol tests was reduced by
approximately a factor of five by reducing the seal water flowrate. Based on operating
experience with the VRS, the manufacturer has confirmed that the listed conditions represent
worst-case pass-through into the exhaust stream (Baide and Huckaby 2003).

1.3 Quality Assurance

The quality assurance requirements applied to the testing are described by Baide and
Huckaby (2003). Chemical analyses of the liquid and filter samples were conducted by the
222-S Laboratory in compliance with the DOE’s Hanford Analytical Services Quality Assurance
Document. Sample chain of custody records, calibration certificates, and test exceptions are
documented in the field copy of the test plan and procedures (Baide 2003).
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1.4 Organization of the Report

Descriptions of the tests, waste simulants, the test apparatus and instrumentation, the
sequence of events, and deviations from the test plan are given in Section 2 of this report.
Sections 3 and 4 provide the test data, sample analyses, and detailed results for the aqueous and
dry waste simulant tests, respectively. Conclusions from the test results are given in Section 5
and cited references in Section 6.
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2.0 Test Description

Testing of the C-200 VRS for exhaust aerosols was governed by C-200 Series Retrieval
Project — Test Implementation Plan for Measurement of Particulate and Aerosol Discharge from
the Vacuum Retrieval System (Baide and Huckaby 2003), which provides both the test plan and
test procedure. The field copy of that test plan, with instrument calibration records, completed
data sheets, and a record of test exceptions, has been released as Baide (2003).

This section summarizes the testing, test apparatus and instrumentation, the sequence of
events, and deviations from the test plan.

2.1 Overview of Tests

Tests were conducted using the same process equipment that will be used to retrieve wastes
from the C-200 series tanks under conditions similar to those of the actual retrievals. Test
conditions, waste simulants, and sample locations were also chosen to provide the information
needed to develop reasonably conservative estimates of waste aerosol concentrations in the VRS
exhaust line.

Tests were conducted using the C-200 VRS as it was installed at the Hanford CTF in July
2003. Two waste simulants were tested. Aqueous wastes were simulated by water containing a
chemical tracer, and dry wastes were simulated by #70 sand (see Section 2.2). Testing consisted
of collecting air samples from the VRS exhaust line while the VRS was applied to collect full-
scale batches of waste simulant. The exhaust air sample was heated to evaporate the liquid water
portion of the aerosol, then filtered to collect essentially all the solid particles in the sample air.
The collected filter samples were subsequently analyzed for chemical tracers (when tests
involved the aqueous waste simulant) or mass and particle size distribution (when tests involved
the dry waste simulant).

To establish the rate at which the aqueous wastes accumulate in the LRVP seal water,
samples were collected after each aqueous waste simulant test run and analyzed for the waste
simulant tracer. A second chemical tracer was added to the LRVP seal water to independently
track the LRVP seal water in the exhaust aerosol.

2.2 Waste Simulants

Tests were conducted with the VRS retrieving two different waste simulants, one intended to
conservatively represent aqueous wastes and the other to examine system performance on a dry
material. Aqueous wastes were simulated in the tests by water, and dry wastes were simulated in
the tests by graded dry sand.
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2.2.1 Aqueous Waste Simulant

Water is a conservative simulant of aqueous wastes because it has a lower density and the
efficiencies of the VRS separation processes tend to increase as the density of the aerosol
particles increases. The cyclonic separation of LRVP separator vessel and the centrifugal action
of the LRVPs both rely on the inertia of the aerosol particles to effect their separation from air,
and higher density particles (other things being equal) are preferentially separated. A small
amount of cesium chloride (CsCl) was added to the water (i.e., the waste simulant) to allow the
simulant to be tracked through the VRS process and quantitatively measured in the VRS exhaust
line. Cs was selected as a tracer because it is not normally present at significant concentrations
in water and can be accurately measured by standard laboratory techniques at very low
concentrations.®” The CsCl was added strictly as a chemical tracer. At the concentration that
was used it was not expected to modify the physical properties of the water.

2.2.2 Dry Waste Simulant

In an attempt to simulate worst-case performance of the VRS on C-200 series waste,
preliminary testing was conducted in late July using a silicon dioxide powder having a mean
particle size of about 3.5 um. By comparison, Creze and Jewett (2002) estimated the C-200
series wastes had a median particle size of 7.5 um (i.e., 50% of all waste particles have an
equivalent diameter of 7.5 um or less), and a 95" percentile particle size of 140 pm (i.e., 95% of
all particles are smaller than 140 pm). The preliminary testing conducted in late July with
3.5 um simulant was performed without the benefit of lubrication water at the entrance of the
AMS and with both LRVPs operating. Under these operating conditions, a significant fraction of
the extremely fine powder was passed through the batch tank and collected in the LRVP seal
water. The wetted powder accumulated and eventually fouled portions of the LRVP heat
exchanger, causing the temperature of the LRVP system to rise.

While much of the waste to be retrieved with the VRS contains fine particles, it is expected
to be agglomerated and have much larger effective particle sizes than the extremely fine, loose,
dry SiO, powder used in the preliminary tests. Consequently, the dry waste simulant chosen for
the tests discussed in this report was not intended to be a direct simulant of the C-200 series tank
wastes. These tests were conducted with commercially available #70 sand. The vendor-supplied
particle size distribution determined using screen filtration® is given in Table 2.1, with compar-
able results from light scattering particle size analysis® performed by PNNL. More detailed
particle size analyses by both screen analysis and light scattering are given in Appendix A.

(a) An informal analysis by PNNL of a CTF process water sample indicated Cs to be present at about 0.014 ng/mL.
(b) Lane Mountain Company, Valley, WA.
(c) Analyses conducted on two grab samples of the simulant using a Horiba LA-920 particle size analyzer.
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Table 2.1. Dry Waste Simulant Particle Size Distribution

Particle Size®™ Vendor Analysis® Particle Size Light.-Scattering(c)
d (W%) d Analysis (average)
(um) (pm) (Wt%)
d<74 5.0 d<77 0.00
74 <d <105 10.5 77<d <101 0.02
105 <d <147 18.0 101 <d<152 0.35
147 <d <208 31.0 152 <d <229 2.0
208 <d <297 32.0 229 <d <301 33
297 <d 3.5 301 <d 94

(a) Particle size is the effective particle diameter.

(b) Vendor analysis was conducted by screening a sample, and particle sizes correspond to screen mesh sizes.

(c) Two samples of the sand in the waste simulant trough were analyzed by light-scattering. Results from the
two samples were averaged by first converting the size distribution (see Appendix A) to a mass distribution, and
then averaging the fractions of mass in each size bin from the two samples.

The large difference between the particle size distributions from the vendor (based on
shaking the sand through screens of different mesh size) and from light-scattering analysis is not
understood. Some settling of the finer particles in the waste simulant trough (prior to sample
collection) and in the sample vials (prior to sub-sampling for the light-scattering analyses) may
have occurred, but this does not completely explain the large differences in reported size
distributions. The sand itself was supplied in 80-pound bags, and it is possible that the two
analyses were based on samples from different portions of a much larger supply of sand.

2.2.3 VRS Exhaust Line Modifications

The VRS exhaust aerosol sampling apparatus is illustrated in the lower half of Figure 2.1. It
consisted of a 48-in. long section of clear 4-in. inside-diameter Plexiglas pipe with a 45° wye,
blind flange, and long-radius pipe elbow; a sampling probe inserted into the Plexiglas pipe, an
aerosol filter holder with two filters, valves for controlling airflows, and associated instruments
for measuring airflows and temperatures. As indicated in the figure, this apparatus was
connected to the exhaust of the LRVP separator vessel. Because the LRVP separator vessel is
housed in a steel Connex box and room within the Connex box is limited, the sampling apparatus
was installed outside the Connex box, connected to the VRS in place of the VRS exhaust line (a
4-in. inside diameter hose). The exhaust air passed through the sampling apparatus and was
directed downward into a bucket to collect the bulk of condensate and entrained liquid from the
LRVP separator vessel.
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Figure 2.1.  Diagram of Test System

2.2.4 Aerosol Sample Filters

The aerosol sample filter assemblies were composed of commercially available 47 mm filter
holders® modified to include a 34.25-in.-long, 0.245-in.-inside diameter straight stainless steel
tubes with a beveled (knife-edge) inlet. As depicted in Figure 2.1, the aerosol filter holder was
located outside the plastic sampling manifold and accessed the exhaust air via a straight sampling
probe. Each filter sample was collected with a dedicated sampling probe and filter holder, so
that aerosol particles collected on the inner wall of the sampling probe could be rinsed from the

(a) Model 2220, Paul Gelman, East Hill, New York.
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probe and included in the sample. The sampling probe was inserted at a marked location
approximately 40 in. (10 pipe diameters) away from the entrance of the Plexiglas pipe and 8 in.
(2 pipe diameters) upstream of the 45° wye. The probe location was chosen to provide fully
developed flow profile.

The filter holder and the sampling probe between the blind flange and the filter holder were
wrapped with heat tape and heated when samples were collected to evaporate any water droplets
in the air stream and protect the filters from becoming wet.”) Because the VRS exhaust air was
hot (105° to 140°F) and essentially saturated with water vapor from the LRVPs, precautions
were necessary to prevent the condensation of water in the sample air mass flow meter. For this
purpose, the sample air was mixed with a measured stream of dry air that effectively reduced its
dewpoint to below the ambient temperature.

Two filters were used for each sample to demonstrate that the first (upstream) filter had
indeed collected essentially all the aerosols and had not been wetted. In the event that either
filter exhibited water spots (nonuniform coloration of deposits) or breakage, the second
(downstream) filter would also be analyzed. Two glass fiber filters® were installed in the filter
holder when the aqueous waste simulant was tested, and two mixed cellulose membrane filters®
were installed in the filter holder when the dry particulate waste simulant was used. The glass
fiber filters were considered less likely to break during sample collection and were easily
analyzed for the chemical tracers. The mixed cellulose membrane filters were used for tests of
the dry waste simulant (sand) because, unlike the glass fiber filters, they could be incinerated to
recover the simulant.

2.2.5 Sample and Total Airflow Control and Measurement

The total VRS exhaust flow rate was measured using an Annubar meter installed about 8 in.
(two pipe diameters) from the exhaust outlet. Total exhaust flow rate was not a critical
measurement of the tests, but was needed to adjust sample airflow rates to an isokinetic velocity.
Because the Annubar meter proved unreliable in the wet exhaust conditions and insensitive to
low flow rates, two hand-held flow rate instruments were also used. These were a thermal

anemometer(d) and a vane anemometer.(e)

(a) Collection efficiency of the filters would be significantly reduced if the filters were allowed to become wetted.
(b) Type A/E 47 mm diameter, Pall Corporation, Ann Arbor, MI.

(c) Type SMWP04700, Millipore Corporation, Bedford, MA.

(d) Model TA4, AIRFLOW Technical Products, Netcong, NJ.

(e) Model AV6, AIRFLOW Technical Products, Netcong, NJ.
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The Annubar meter was calibrated by Dick Munns Company® for a range from 235 to
1,130 sctm. A copy of the calibration certificate is included in the field copy of the test plan
(Baide 2003). Both the thermal anemometer and the vane anemometer were outside their
allowed calibration periods. These instruments were used for indication purposes only during
the tests.

Sample airflow rates were measured with two mass flow meters.”” Each of these had its own
digital readout, calibrated for 0 to 3 scfm. Both sample air mass flow meters were also
connected to a datalogger for electronic recording of data on a laptop computer. Dry air was
supplied from a standard high-pressure air cylinder equipped with a pressure regulator. Metering
and shut-off (quarter-turn ball) valves were used to control dry air and sample airflow rates. A
rotary vane vacuum pump was used to draw sample air through the sampling probe, filters, and
sample flow meter.

The sample air and dry air mass flow meters, datalogger, and dedicated laptop computer were
calibrated as a unit by the PNNL Instrument Calibration Facility. A copy of the calibration
certificate is included in the field copy of the test plan (Baide 2003).

Condensate and entrained liquid in the VRS exhaust was collected in a plastic bucket and
measured using either a 500- or 2,000-mL plastic graduated cylinder.

2.2.6 System Temperatures

Key VRS and sampling apparatus temperatures were measured using Type J thermocouples®
connected to a thermocouple reader.” The LRVP separator vessel temperature was monitored to
establish an approximate water vapor concentration in the exhaust, which was in turn used to
establish the ratio of dry air to sample air needed to prevent condensation in the sample air mass
flow meter. The VRS exhaust air temperature was measured in two locations: in the air stream
itself via a port in the sampling apparatus blind flange and at the outlet of the sampling
apparatus. Two other thermocouples were inserted under the heat tape of the filter sample probe
and filter holder to ensure their temperatures were adequate to prevent water droplets from
wetting the filters.

The Omega thermocouples and thermocouple reader were calibrated as a unit by the PNNL
Instrument Calibration Facility. Readings were established as + 2°C. A copy of the calibration
certificate is included in the field copy of the test plan (Baide 2003).

(a) Dick Munns Company, Los Alamitos, CA.

(b) Model 826-NX-OV1-PV1-VT, Sierra Instruments, Monterey, CA.
(c) Model SA 1-J, Omega Engineering Inc., Stamford, CT.

(d) Model CN1507-TC, Omega Engineering Inc., Stamford, CT.
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2.3 Test Sequence and Deviations from the Test Plan

Tests were conducted on August 6 and 7, 2003. The sequence of events is given in
Table 2.2. Of the seven planned test runs using waste simulant, only five were actually
performed. All four tests runs using the aqueous waste simulant were successfully performed,
and all planned samples associated with these runs were collected. Only one of the three planned
dry waste simulant runs was performed because of operability problems with the sample air mass
flow meters. Issues encountered during the tests include the following:

1.

Aerosol droplets in the VRS exhaust were apparently causing the Annubar airflow meter
to give questionable readings. In addition, airflow rates in the VRS during waste retrieval
were expected to be in the 75 to 250 cfm range, and the Annubar was neither calibrated
for (nor did it respond to) flow rates less than 200 cfm. For indication of the exhaust

flow rate, an Airflow TA4 thermal anemometer (serial number 087556, last calibrated in
1998) was used.

The exhaust airflow rate data were originally specified as necessary for the tests because
they were to be used to establish isokinetic sample airflow rates.® To compensate for the
lack of accurate exhaust airflow rate data, the sample airflow rates were set to ensure sub-
isokinetic sampling. When an air stream is sampled for aerosol particles using sub-
isokinetic sampling rates, the sampling tends to collect more aerosol particles per unit
volume of sampled air than are actually in the air stream being sampled. This ensures a
conservatively high estimate of the aerosol concentration in the exhaust stream. The size
distribution of particles collected on the filter is also biased by the disproportionate
collection of larger particles.

A gradual rise in the temperature of the LRVP separator vessel from 35° to 59°C was
observed during the tests conducted on August 6, 2003. This coincided with an increase
in the amount of liquid (condensate and entrained seal water) in the VRS exhaust line.

After completion of test runs on August 6, the LRVP separator vessel was drained, and
the LRVP seal water from the aqueous waste simulant tests was replaced with fresh
water. This maintenance related event was not a planned test event. It effectively
eliminated the CsCl and RbCl chemical tracers from the system and negated the value of
collecting further LRVP seal water samples. Only ancillary data were lost.

Field observations of the initial dry waste simulant test run on August 7 caused the run to
be stopped before a complete batch of simulant had been collected. The appearance of
fine suspended particulates in the exhaust line liquid, the increasing temperature of the
LRVP separator vessel, and the relatively large quantities of exhaust line liquid collected
all contributed to the decision by the test coordinator to abort the test run. Approximately
1,900 1b of dry waste simulant were collected; a complete batch would be 2,000 1b.

(a) Sampling of an air stream is isokinetic when the velocity of air entering the sampling probe matches the velocity
of air flowing past the probe.
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Table 2.2. Test Chronology

Date Time Event
6-Aug-03 14:25 One LRVP started for system warmup
15-min warmup run performed
14:43 LRVP stopped
15:16 Filter sample air started
15:17 One LRVP started
Collected system blank “Filter1”
15:36 LRVP stopped
15:36 Filter sample air stopped
Collected LRVP seal water sample “LRVP1”
Added RbCl solution to LRVP seal water
Added CsCl solution to simulant trough and mixed
Collected aqueous waste simulant sample “CsCl1”
16:17 Started filter sample airflow
16:19 Started one LRVP
Collected aerosol filter assembly sample “FilterCs1”
16:27 Stopped LRVP
16:27 Stopped filter sample airflow
Collected LRVP seal water sample “LRVP2”
Collected aqueous waste simulant sample “CsCI12”
16:59 Started filter sample airflow
17:01 Started two LRVPs
Collected aerosol filter assembly sample “FilterCs2”
17:08 Stopped LRVPs
17:08 Stopped filter sample airflow
Collected exhaust line liquid sample “Cond1”
Collected LRVP seal water sample “LRVP3”
Collected aqueous waste simulant sample “CsC13”
17:32 Started filter sample airflow
17:36 Started two LRVPs
Collected aerosol filter assembly sample “FilterCs3”
17:42 Stopped LRVPs
17:42 Stopped filter sample airflow
Collected exhaust line liquid sample “Cond2”
Collected LRVP seal water sample “LRVP4”
Collected aqueous waste simulant sample “CsCl4”
18:09 Started filter sample airflow
18:10 Started two LRVPs
Collected aerosol filter assembly sample “FilterCs4”
18:18 Stopped LRVPs
18:18 Stopped filter sample airflow
Collected exhaust line liquid sample “Cond3”
Collected LRVP seal water sample “LRVP5”
7-Aug-03 11:08 Started filter sample airflow
11:09 Started one LRVP
Collected aerosol filter assembly sample “Filter2”
11:33 Collected exhaust line liquid sample “Cond4”
11:38 Stopped LRVPs
11:39 Stopped filter sample airflow

Collected exhaust line liquid sample “Cond5”
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The decision was also made at that time to drain the LRVP seal water, flush the LRVP
separator vessel, and change the test sequence to include a test run using lubricating water in the
AMS inlet nozzle. However, during the transfer of waste simulant from the VRS batch tank to
the CTF spent simulant pond, a vent line overflowed with water, and the Sierra sample air and
dry air mass flow meters were sprayed with water. The mass flow meters were briefly tested
with dry air, and found to be inconsistent with each other. Based on their key role in the tests,
the tests were stopped.
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3.0 Aqueous Waste Simulant Tests

Four tests were run using water as an aqueous waste simulant. This section discusses the test
conditions and presents the results of these test runs.

3.1 Aqueous Waste Simulant and LRVP Water Tracers

Four tests were run using water as an aqueous waste simulant. In each of these runs the VRS
was used to “retrieve” about 240 gal of water from an open trough. About 500 mL of an aqueous
solution of cesium chloride (CsCl) containing 117.2 g of CsCl (about 1.4 M CsCl) was added to
the trough of water, and the trough of water was stirred to mix in the CsCl. The CsCl was added
strictly as a tracer that could be identified and quantitatively measured in samples collected and
did not alter the physical properties of the water significantly. CsCl was selected as a convenient
source of ionic Cs, which could be measured at very low concentrations by standard analytical
methods and was otherwise present at very low levels in the CTF process water.

Samples of the CsCl waste simulant were collected before each test run (see Table 2.2) and
analyzed for Cs by inductively coupled plasma mass spectrometry (ICP-MS). Each sample
consisted of four 25-mL vials of the waste simulant; two of these were combined and analyzed,
and the remaining two were set aside for possible duplicate analysis. Table 3.1 lists the results of
these analyses. The initial sample analyses are higher than subsequent analyses because the
batch tank and waste transfer pumps contained a heel of water that was not mixed with the initial
batch of waste simulant water.

Table 3.1. Aqueous Waste Simulant ICP-MS Analyses

. . Cs Concentration
Sample Name Sample Collection Time (ng/mL)
CsClI1 Prior to CsCl1 aerosol sample test run 103
CsCI2 Prior to CsCI2 aerosol sample test run 73.8
CsCI3 Prior to CsClI3 aerosol sample test run 71.8
CsCl4 Prior to CsCl4 aerosol sample test run 72.0
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As discussed in Section 2, a chemical tracer was added to the LRVP seal water. About
50 mL of an aqueous solution of rubidium chloride (RbCl) containing 14.08 g of RbCI (about
2.3 M) was added to the LRVP seal water tank before the first aqueous waste simulant test
started. As with Cs, Rb was selected because it could be measured at very low concentrations
and was present at very low concentrations in the CTF process water.® Samples of the LRVP
seal water were collected from the LRVP separator vessel drain prior to the addition of the RbCl
solution, and after each of the aqueous simulant batch test runs (see Table 2.2). Samples were
collected by first flushing the piping upstream of the sampling port with several line volumes (a
minimum of about 2 L) of seal water and then collecting the sample from the running stream.
Each sample consisted of four 25-mL vials of the LRVP seal water; two of these were combined
and analyzed, and the remaining two were set aside for possible duplicate analysis. The samples
were analyzed for Rb and Cs. Analytical results are presented in Table 3.2.

Table 3.2. LRVP Seal Water Sample ICP-MS Analyses

Sample . ) Rb Concentration Cs Concentration
Sample Collection Time
Name (ug/mL) (ng/mL)
Prior to CsCl1 aerosol sample test run 4 6
<

LRVPI and prior to addition of RbCl 9:62x 10 2:06x 10
LRVP2 | After CsCll aerosol sample test run 75.8 0.135
LRVP3 | After CsCI2 aerosol sample test run 49.0 14.9
LRVP4 | After CsCl3 aerosol sample test run 40.4 17.0
LRVPS | After CsCl4 aerosol sample test run 33.1 22.7

In addition to the aerosol present, the exhaust line generally had droplets and thin streams of
liquid running along the inside of the pipe. This was due both to condensation of water vapor
downstream of the LRVP separator vessel, and the collection of entrained LRVP seal water
droplets by the exhaust line wall. During the CsCl12, CsCI3, and CsCl4 test runs, this liquid was
collected in a plastic bucket, its volume was estimated, and samples were collected and analyzed.
(No exhaust line liquid sample was collected during the CsCl1 test run because there was very
little of the liquid present.) Table 3.3 summarizes the available data.

Table 3.3. VRS Exhaust Line Liquid Volumes and Sample Analyses

Sample Estimated Rb . Cs .
Name Description Volume | Concentration | Concentration
(mL) (pg/mL) (ug/mL)
Condl | Liquid collected during CsCI2 test run 450 1.98 0.00529
Cond2 | Liquid collected during CsCI3 test run 550 10.6 3.16
Cond3 | Liquid collected during CsCl4 test run 950 12.3 533

(a) An informal analysis conducted by PNNL prior to the aerosol tests indicated the background concentration of
Rb in the CTF process water to be about 0.85 ng/mL.

3.2



Comparison of the exhaust line liquid Rb and Cs concentrations with the LRVP seal water
concentrations suggests that the exhaust line liquid was composed predominantly of condensed
water vapor and that entrained LRVP seal water accounted for less than 40% of the liquid in the
exhaust line. Specific values are given in Table 3.4, where the concentration of each tracer in the
liquid samples has been divided by the corresponding concentration in the LRVP seal water
samples collected before and after each test run. Assuming that the Rb seal water concentration
decreased linearly with time during each test run and that the Cs seal water concentration
increased linearly, the average concentrations of each tracer in the seal water during a test run
can be approximated by averaging their concentrations before and after the test run. This ratio
corresponds to the fraction of entrained seal water in the exhaust line liquid sample.

Table 3.4. Comparison of Exhaust Line Liquid and LRVP Seal Water

Test Concentration Ratio Rb Cs Test Run
Run Ratio Ratio Average
Concentration in Cond1
Concentration in LRVP2 0.026 0.039
CsCI2 Concentration in Condl
Concentration in LRVP3 0.040 0.0004 0.027
Concentration in Cond1
Average Concentration in LRVP2 and LRVP3 0.033 0.020
Concentration in Cond2
0.22 0.21

Concentration in LRVP3

Concentration in Cond2

CsCl3 Concentration in LRVP4 0.26 0.19 0.22

Concentration in Cond2
Average Concentration in LRVP3 and LRVP4

0.24 0.20

Concentration in Cond3
Concentration in LRVP4

0.30 0.31

Concentration in Cond3

CsCl4 Concentration in LRVP5 0.37 023 031

Concentration in Cond3
Average Concentration in LRVP4 and LRVP5

0.34 0.27

Note that the estimated fraction of seal water in the exhaust line liquid samples is
consistently smaller when calculated using the Cs data. The reason for this is not clear. If some
if the Cs in the waste simulant was passed through the LRVPs without being collected in the seal
water, the exhaust line liquid samples would have been enriched in Cs, but the opposite was
observed.
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3.2 Aerosol Sample Results

Aerosol samples from the VRS exhaust air stream were collected during the entire time that
the VRS was used to collect the aqueous waste simulant. Sample airflow through the aerosol
filters began before the LRVPs started and not turned off until after the LRVPs had been
stopped. Sample airflow volumes were calculated for the period that the LRVPs were running
and did not include the short times before and after LRVP operation that sample air was being
drawn through the filters. This is justified because before the LRVPs were started the exhaust
was relatively free of aerosols, and the time span between the LRVPs stopping and sampling
itself stopping was relatively short. The errors associated with this treatment of the data tend to
increase the calculated aerosol mass concentration, giving a conservatively large value.
Table 3.5 lists the calculated sample air volumes for the system blank run (Filterl) and four
aqueous waste simulant runs (FilterCs1, FilterCs2, FilterCs3, and FilterCs4).

Table 3.5. Aqueous Waste Simulant Test Aerosol Sample Volumes and Flow Rates

Sample | Sample Volume Estimated Total Exhaust Isok'inetic Sample Ave.rage Sample
Name (m3) Flow Rate Airflow Rate Airflow Rate
(cfm) (cfm) (cfm)
Filterl 0.31 370 1.37 0.58
FilterCs1 0.088 Not Measured -- 0.34
FilterCs2 0.067 156 0.58 0.34
FilterCs3 0.050 245 0.91 0.29
FilterCs4 0.079 225 0.83 0.35

Because total exhaust airflow rates were not accurately measured and appeared to fluctuate
with time, no attempt was made to collect the aerosol samples at isokinetic flow rates. Sample
airflow rates were further constrained by the ranges of the sample air and dry air mass flow
meters and the need to mix relatively large amounts of dry air with the sample air to prevent
condensation of water in the meters. To address these issues, the aerosol sampling was
conducted at sub-isokinetic airflow rates. Sub-isokinetic sampling tends to cause the collection
of additional particles with a bias favoring larger particles. The effect is negligible (on the order
of 3%) for 1 um water droplets, and becomes potentially significant (on the order of a factor of
three) for droplets larger than about 35 um.®”’ This has the effect of 1) collecting a greater than
representative aerosol mass on the filter and 2) skewing the particle size distribution towards
larger particles.

As discussed in Section 2.2.4, the filter samples were collected with dedicated sampling
probe, filter holder, and two filters (in series) for each sample. The entire filter assembly was
sealed after sampling and sent to 222-S Laboratory for analysis. Each filter assembly was then
dismantled to remove the filters, leach the filters to remove the Cs and Rb, and rinse any

(a) Based on the correlation of Belyaey and Levin (1974) as presented by Brockman (1993).
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particulate material attached to the inner wall of the sampling probe. The procedures for sample
preparation and analysis are described by Callaway (2003a). Probe rinsate and filter leachate
from each sample were combined and analyzed by ICP-MS. Table 3.6 lists the results in pug of
each analyte per filter assembly; Callaway (2003b) provide further details and the results of
laboratory quality assurance samples.

Table 3.6. Tracer Masses Measured in Filter Assemblies

Sample . Rb Mass on Filter | Cs Mass on Filter
Description

Name (ng) (ng)
Filterl System blank 0.0130 0.00197
FilterCs1 Run with one LRVP 0.931 0.0232
FilterCs2 Run with two LRVPs 1.09 0.0330
FilterCs3 Run with two LRVPs 0.613 0.0918
FilterCs4a Run with two LRVPs, primary 188 0.582

(upstream) filter

FilterCs4b Breakthrough (downstream) filter 0.00980 0.00765

Inspection of the primary (upstream) and breakthrough (downstream) filters indicated no
water spots or other evidence that any of the filters had been damaged or failed in any way
(Callaway 2003b). To further verify that the upstream filters had indeed collected essentially all
the aerosol material in the air stream, the downstream filter of FilterCs4 was analyzed for Rb and
Cs. Results of this analysis are given in the last row of Table 3.6. Comparison of masses of Rb
and Cs measured on the downstream filter with the masses measured on the upstream filters
confirms that the upstream filter caught essentially the entire aerosol. The mass of Rb on the
downstream filter is about 0.5% of the Rb mass on the upstream filter, and the mass of Cs on the
downstream filter is about 1.3% of the Cs mass on the upstream filter. Note that the masses of
Cs and Rb measured on the downstream filter (FilterCs4b) are also approximately the same as on
the system blank (Filter1).

The mass of Cs measured in each filter assembly is directly related to the concentration of
aqueous waste simulant aerosol present in the exhaust. The formula used to calculate aqueous

aerosol concentration, C in units of mg/m’ is

C _ 1 000 pWaste VSample
- mCs - mCs blank
blank

Waste Aerosol C V
Cs " Sample

Waste Aerosol >

(3.1)

where p,, . 1s the density of the waste simulant (g/mL); m, and m_,,, are the masses of Cs
measured in the filter assembly and system blank, respectively (pg); C. 1s the mass

concentration of Cs in the waste simulant (ug/mL); and V

ample

and V,,, . are the volumes of the

aerosol sample and system blank, respectively (m®). Assuming Pwasie = 1.0, Eq. (3.1) has been
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applied to the sample air volumes (Table 3.5), filter assembly Cs masses (Table 3.6), and the Cs
concentrations in the waste simulant (Table 3.1) to calculate the waste aerosol concentrations for
each sample. Results are listed in Table 3.7. As expected, the aerosol concentration of waste
simulant in the exhaust increased with each successive test run, presumably for reasons described
in Section 1.2.2.

Table 3.7. Aqueous Waste Simulant Test Aerosol Mass Concentrations

VRS Exhaust Aqueous Waste Simulant
Test Run Description Aerosol Mass Concentration
(mg/m’)
CsCl1 Test run with one LRVP 2.5
CsCI2 Test run with two LRVPs 6.6
CsCl3 Test run with two LRVPs 25
CsCl4 Test run with two LRVPs 102

Note that the results in Table 3.7 are specific to an aqueous waste (simulant) having a density
of 1.0 g/mL. Ignoring the small increases (decreases) in batch tank and LRVP separator vessel
aerosol removal efficiencies associated with denser (less dense) materials, the aerosol
concentrations given in Table 3.7 can be adjusted to any specific liquid waste density by
multiplying the value in Table 3.7 by the specific gravity of the waste.

The aerosol mass concentration measured for test run CsCl4 is anomalously high, based on
the expectation that increases in aerosol masses between test runs CsCl1, CsCI2, CsCl3, and
CsCl4 should approximately follow the successive increases in LRVP seal water Cs
concentrations given in Table 3.2. The reason for the high CsCl4 result was not clearly
established, but it appears to be related to the increased temperature of the LRVP system. The
volume of condensate and entrained seal water (Table 3.3) collected from the exhaust line during
the CsCl4 test had increased, and it is possible the re-entrainment of relatively large droplets
from the exhaust line wall resulted in the high aerosol mass concentration measured for this test
run.®

(a) Informal testing conducted since these tests were performed included several test runs with the blind flange at
the end of the aerosol sampling wye removed (see Figure 2.1). It was noticed that, as the amount of liquid in the
exhaust line increased, there was a disproportionate increase in the number of large droplets in the exhaust. These
droplets were large enough to feel as individual drops on one’s hand, and too large to have passed directly from the
LRVP separator to the sampling apparatus. It was presumed that they were produced by resuspension of the liquid
as it passed over the connection between the elbow and the Plexiglas pipe just upstream of the sampling point.
Because such droplets are also too big to remain suspended if accidentally released from the exhaust line, they
would not contribute to the exposure of an individual more than a few feet away.
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3.3 Batch Tank Collection Efficiency

The batch tank collection efficiency was estimated by dividing the amount of Cs transferred
from the batch tank to the LRVP seal water by the total amount of Cs collected by the AMS
during the run. The amount of Cs transferred from the batch tank was calculated by performing
a mass balance on the Rb in the LRVP system to establish the amount of aqueous waste simulant
added to the LRVP system.

mCs Batch = CCS LRVP f VLR VP f - CC: LRVP O VLR VPO + CC: Cond VCond + CCS Drain VDrain (3 2)

Where m, .., 1S the total mass of Cs transferred from the batch tank to the LRVP seal water
during the test run (mg), C, 4, and V,,,, , are the LRVP seal water Cs concentration and
total volume at the end of the test run (ug/mL and L, respectively), C, ;xpo @a0d V,zyp, are the

LRVP seal water Cs concentration and total volume at the start of the test run (ug/mL and L,
respectively), C., . and V., are the exhaust line liquid Cs concentration and total volume

(ng/mL and L, respectively), and C. ., and V, are the LRVP drained liquid Cs

Drain

concentration and volume (pg/mL and L, respectively).

Samples of the LRVP seal water collected before and after the test runs establish Ce, ;ppp
and C., ripo @ Exhaust line liquid was collected and analyzed (giving both Ceocong and Ve, )

for each test run except the first, which had markedly less liquid in the exhaust than subsequent

test runs. To establish estimates for V4, 1, Vigypo, and V, a material balance on the Rb in

Drain >

the LRVP system is used. Analogous to Eq. (3.2), the Rb material balance is given by

0 = CRb LRVP f Virve - CRb weo Vieveo  F CRb cond Veona T CRb Drain V Drain (3.3)

where the left side is now zero because there is no Rb being introduced from the batch tank
during the run.

Note that during the aqueous simulant tests, the amount of aqueous simulant passed through
the batch vessel to the LRVP system was significantly greater than the amount of liquid lost via
the exhaust line. The accumulation of liquid in the LRVP system was consequently handled by
the system by automatic opening of the drain valve. Specifically, when the seal water level
reached the high-level switch (i.e., when the seal water volume reaches about 140 L), the drain
valve is automatically opened and seal water is drained out until the liquid level reaches the low-

(@) No LRVP sample was collected before the first test run because the RbCl solution had not been mixed
throughout the LRVP system at that time.
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level switch (i.e., when the seal water volume reaches about 85 L). Based on this description of
the LRVP system, the following additional restraints are imposed:

8S5L < VLRVPf < 140L,
8SL < Vipo < 140L, (3.4)
V = Qor55L

Drain
Only one LRVP was used in the first test run, with the result that the RbCl added to the
LRVP seal water prior to this run was not mixed with the reservoir of water in the second LRVP.
This effectively decreased the working volume of seal water during this run by an estimated
20 L. Therefore, for the first test run,

65L < VLRVPf < 120L,
65L < Vi, < 120L, (3.5
V = QorS55L

Drain

Eq. (3.2) and (3.3) were solved for each of the test runs, with the restrictions given in Eq.
(3.5) imposed on test run CsCl1, and Eq. (3.4) imposed on test runs CsClI2, CsCl3, and CsCl4.
Table 3.8 lists the input values and results. Values not directly obtained from sample analyses or
test measurements are given in brackets and their origin explained in the table endnotes.

The calculated batch tank collection efficiencies given at the bottom of Table 3.8 indicate
that Test Run CsCl1, conducted with a single LRVP, caused the least amount of aqueous waste
simulant to be passed through the batch tank. Test runs CsCIl2, CsCI3, and CsCl4, each
conducted with two LRVPs operating, had an average batch tank collection efficiency of 0.983,
and allowed an average of 1.7 wt% of the waste simulant to pass through the batch tank.

3.4 LRVP Seal Water Aerosol in the Exhaust Air Stream

Results given in Tables 3.2 and 3.5 support the premise that the waste aerosol concentration
in the exhaust should increase as the concentration of waste in the LRVP seal water increases
(see Section 1.2.2). To estimate the likely aerosol concentration in the exhaust line at any time
during a retrieval campaign, notably after many batches of waste have been retrieved, it is
necessary to establish both the collection efficiency of the batch tank (see Section 3.4) and the
amount of LRVP seal water entrained in the exhaust.

If all of the waste particles passing through the batch tank and entering the LRVPs were
collected in the LRVP seal water, and the appearance of waste aerosol in the exhaust could be
attributed solely to droplets of LRVP seal water entrained in the exhaust, then the waste aerosol
concentration in the exhaust should be directly proportional to the concentration of waste in the
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Table 3.8. Batch Tank Efficiency Calculation Inputs and Results

Parameter Notes Test Run | Test Run | Test Run | Test Run
CsCll CsCI2 CsCI3 CsCl4
Initial Seal Water Volume, V', ,p,» (L) (a) [115] [69] [103] [122]
Initial Seal Water Cs Conc., C, ;zyp o » (1g/mL) 0 0.135 14.9 17.0
Initial Seal Water Rb Conc., Cp, ;pypo (Rg/mL) (a) [87] 75.8 49.0 404
Exhaust line liquid volume, V., (L) (b) [0.45] 0.45 0.55 0.95
Exhaust line liquid Cs Conc., C s> (1g/mL) (b) [0.00529] | 0.00529 3.16 5.33
Exhaust line liquid Rb Conc., Cp, .7 » (1g/mL) (b) [1.98] 1.98 10.6 12.3
Seal Water Drained Volume, V., (L) 55 0 0 55
Drained Seal Water Cs Conc., C ;. » (1g/mL) (©) [0.135] - - [22.7]
Drained Seal Water Rb Conc., Cp, i » (1g/mL) (d) 82 - - [35]
Final LRVP Seal Water Volume, V', -, (L) 72 107 125 90
Final Seal Water Cs Conc., C rvp £ > (Mg/mL) 0.135 14.9 17.0 22.7
Final Seal Water Rb Conc., Cj, Lrvp f» (g/mL) 75.8 49.0 40.4 33.1
Volume of Seal Water used in sample flush (L) 2.7 33 3.7
Mass of Cs passed from Batch Tank, m . ..., » (Mg) 17.1 1,580 590 1,224
Mass of Cs entering Batch Tank (mg) (e) [93,440] [66,950] [65,136] [65,317]
Collection Efficiency of Batch Tank 0.9998 0.976 0.991 0.981

(a) Just before the start of test run CsCl1 the RbCl solution, containing 9,950 mg of Rb, was added to the LRVP
seal water. The values of initial seal water volume and initial seal water Rb concentration for this run may vary as

long as Cp ripo Virvro = 9,950 mg. Subsequent initial seal water volumes were calculated by subtracting the

volume of seal water used in sample flush (see Section 3.1) from the calculated final seal water volume of the
previous test run.

(b) No exhaust line liquid sample was collected during Test Run CsCll1, in part because little was present to
collect. It was assumed in calculations that the exhaust line liquid volume and composition were the same that
measured in Test Run CsCI2.

(c) LRVP seal water drained automatically was assumed to have the same Cs concentration as the LRVP seal
water sample collected at the end of the test run. This tends to overestimate the amount of Cs lost via the automatic
drain and decrease the batch tank collection efficiency.

(d) The Rb concentration in LRVP seal water drained automatically was calculated by assuming the Rb present in
the LRVP system was diluted with aqueous waste simulant to a volume of 140 L (the point at which the automatic
drain is activated).

(e) Mass of Cs entering batch tank was calculated by multiplying the measured Cs concentration in the aqueous
waste simulant (from Table 3.1) by the total volume of simulant collected during the test run (907 L).
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LRVP seal water. The volume of LRVP seal water entrained® in the VRS exhaust (mL/m’) can
be calculated with the following equation:

C = — Yo (3.6)

LRVP water aerosol C V
Cs LRVP 7 Sample

where C, ., 18 the concentration of Cs in the LRVP seal water (ug/mL).

Note that C ., increased throughout each test run because waste simulant passed through

the batch tank and was added to the LRVP seal water (see Table 3.2). Even if the influx of Cs
from the batch tank was constant during the run, the change in C,,,;,, would not be linear

because the LRVP seal water volume is also gradually increasing. Compounding this is the fact
that during testing approximately 14.5 gal of the LRVP seal water was automatically drained
from the separator vessel when the liquid level reached the high-level indicator,® and no record
of these automatic drains is available. In lieu of better data, the measured values of C,, ,.;»

from LRVP seal water samples collected before and after each run were averaged (see
Table 3.2), and used in Eq. (3.6) with m_ ., values from Table 3.6 and V. from Table 3.5.

Sample

Results of these calculations are given in the third column of Table 3.9.

Table 3.9. LRVP Seal Water Aerosol Concentration in Exhaust Air Stream

Aerosol Seal Water Concentration in Exhaust Air Stream
Test Run Run Description (mL/m®)
From Cs Data From Rb Data
CsCl1 Run with one LRVP 3.9 0.13
CsCI2 Run with two LRVPs 0.066 0.26
CsCI3 Run with two LRVPs 0.12 0.27
CsCl4 Run with two LRVPs 0.37 0.65

The relationship between the mass of Rb in the filter assembly, m,,, and LRVP seal water
Rb concentration, Cy, ;,», to the LRVP seal water concentration in the exhaust line is analogous
to Eq. (3.6):

(a) Waste or LRVP water that is “entrained” in the exhaust is categorically considered an aerosol here and does not
include the droplets and small streams of liquid running along the inside wall of the VRS exhaust line.

(b) The LRVP water level is controlled by adding make-up water when the level drops too low and by draining seal
water when the level rises too high. When the seal water reaches the high-level switch, indicating too much seal
water present, a drain valve is automatically opened and seal water is drained to a sump until the low-level switch is
reached. When the seal water reaches the low-level switch (either during normal operation or when the level was
automatically drained) the valve controlling make-up water is automatically opened until the low-level switch is
again submerged.
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C S N (3.7)

LRVP water aerosol C V
Rb LRVP " Sample

Like the Cs concentration, the Rb concentration in the LRVP seal water was also changing
during the test runs. The Rb concentration decreased during the run as aqueous waste simulant
was carried over from the batch vessel and diluted the Rb. As with Cs, the Rb concentration
would not have changed linearly with time. In lieu of better data, the Rb concentration was
assumed to be approximately linear, and the C,, ., for each test run was calculated by
averaging the Rb concentrations measured in the LRVP seal water samples collected before and
after the test run. Results of these calculations are given in the last column of Table 3.9.

Results in Table 3.9 from Cs and Rb data should agree. The greatest inconsistency occurs for
the first test run, where it appears the value for C, ,;,, 1s anomalously low, resulting in the high

calculated aerosol concentration.
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4.0 Dry Waste Simulant Test

One test was run using fine sand as a dry waste simulant. This section discusses the test
conditions and presents the results of that test run.

4.1 Aerosol Sample Analyses and Results

The dry waste simulant test run filter sample and the system blank filter sample were both
subjected to gravimetric analysis and particle size analysis. The filter assemblies were
disassembled and the particulate sample recovered by 222-S Laboratory. Particles on the inside
of the sampling probe and upstream half of the filter holder were rinsed off with de-ionized water
and added to the upstream filter sample. The samples were incinerated (to burn off the filter
itself), cooled, and weighed. Details of the analyses are given by Callaway (2003b). Table 4.1
lists the results, considered accurate to £ 0.5 mg, along with the measured weight of an
incinerated clean, unused filter.

Table 4.1. Dry Waste Simulant Filter Sample Gravimetric Analysis Results

Mass Sample Air Aerosol
Test Run Description (mg) Volume Concentration
(L) (mg/m’)
Filter] |System blank 0.8 310 2.6
Filter2 |Dry waste simulant test run 8.7 702 9.8®
-- Clean, unused filter 0.7 -- --
(a) Value includes correction for 2.6 mg/m’ of background particles.

Also listed in Table 4.1 are the sample air volumes for each sample, and the calculated
aerosol concentration. Note that the aerosol concentration for the dry waste simulant test run has
been corrected for the measured background (system blank) aerosol concentration.

The incinerated samples (ash) and sample rinsate were then added to vials of water, agitated,
and transferred to PNNL for particle size analysis. Particle size analysis was conducted at PNNL
using a Particle size analyzer.) Table 4.2 gives key statistical results for these samples.
Numerical results are included in Appendix A.

The aerosol size statistics given in Table 4.2 are based on a count of particles in each size bin
of the distribution and indicate that the average particle size is relatively small. However,
because the mass of the particles is proportional to the cube of the diameter, the mean particle
masses are significantly larger than the mean particle diameters. This is illustrated in Figure 4.1,

(a) Analyses were conducted using a Horiba LA-920 particle size analyzer.
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Table 4.2. Dry Waste Simulant Filter Sample Particle Size Analyses

System Blank D ry Waste Clean
Parameter (Filter1) Simulant Run Unused Filter
(Filter2)
Median particle diameter (um) 34 7.9 349
Mean particle diameter (pum) 4.4 9.0 349
Mode of particle diameters (um) 8.17 12.4 42.2

where the total mass of particles as a function of particle size (effective diameter) is plotted for
the incinerated dry waste simulant sample (Filter2) and the system blank sample assuming all
particles are spherical and have a nominal density of 2.5 g/mL. This figure illustrates that about
80% of aerosol particle mass collected during the dry waste simulant test run was associated with
particles greater than 10 um in diameter. Also, because the system blank and Filter2 samples
have comparable aerosol masses below 10 um, much of the mass of particles smaller than 10 um
in the Filter2 sample is attributable to materials present in the system before dry waste simulant

was introduced.

1.2 T
10 pm
1.0 : /
—~ 0.8 !
E” ! A Systemblank
2:, 0.6 ' = Filter?
5 (]
= ]
= '
] '
E 0.4 1 ]
]
- - Ly i i
0 10 20 30 40 50 60 70 80 90 100 110 120

Particle Size (um)

Figure 4.1. Total Mass of Particles as a Function of Particle Size
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4.2 Particulates in Exhaust Line Liquid Samples

The fluid running along the inside of the exhaust line during the dry waste simulant test run
was collected in a catch container. Two samples were collected. Approximately 23 L of fluid
was collected during the 29-minute test run. The samples were collected by first vigorously
stirring the fluid catch container to resuspend any settled particles and then submerging the
sample vials to flush and fill them. The sample labeled “Cond4” was collected from the initial
15 L of fluid, and the sample labeled “Cond5” was collected from the final 8 L of fluid.

The 222-S Laboratory conducted a gravimetric analysis of sample Cond5 and determined it
had a solids content of 25 g/L (Callaway 2003b). As part of the analytical procedure, the Cond5
sample was centrifuged and the liquid decanted to a separate container. It was noted by the
analyst that even prolonged centrifugation did not completely remove all suspended particles
from the liquid portion of Cond5. Particle size analyses were conducted on Cond4 and both the
Cond5 solids and decanted liquid. Table 4.3 lists key statistical parameters from the particle size
analyses. Complete analyses are given in Appendix A.

Table 4.3. Size Analyses of Particles in Exhaust Line Liquid

Cond4 Sample CondS Sample CondS Sample
Parameter Particles Centrifuged Solid Decanted Liquid
Particles Suspended Particles
Median particle diameter (Lm) 10.3 8.9 13.3
Mean particle diameter (pm) 12.7 10.5 13.2
Mode of particle diameters (p1m) 12.4 12.4 16.3

A comparison of results in Tables 4.2 and 4.3 (as well as the more detailed analyses given in
Appendix A) indicates that the particles collected by the aerosol filter sample had a size
distribution very similar to that of the two exhaust line liquid samples, suggesting that the loss of
aerosol particles to the exhaust line wall between the outlet of the LRVP separator vessel and the
aerosol sampling point did not strongly affect the aerosol sample particle size distribution.
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5.0 Conclusions

The tests described in this report have characterized the efficiency with which waste
simulants are removed from the entraining air stream in the C-200 VRS under various
conditions. The important conclusions from the tests are

1. As expected, operation of the VRS causes a gradual increase in the concentration of
aqueous waste simulant in the LRVP seal water. Comparison of the amounts of Rb
and Cs tracers in the exhaust line liquid samples suggests that nearly all the aqueous
simulant passed through the batch tank to the LRVPs was collected by the LRVP seal
water. The LRVPs appear to be highly effective at scrubbing waste particles from the
air leaving the batch tank for aqueous waste.

2. Also as expected, aqueous waste simulant aerosol mass concentrations in the exhaust
line increased in each successive test run. However, the increases in aerosol
concentration were expected to be about proportional to the increases in LRVP seal
water waste simulant concentration, and they were not. Instead, the aerosol
concentrations increased much faster than the LRVP simulant waste concentrations.
This has not been definitively explained, but it is thought to be due to the gradually
increasing temperature of the LRVP system and secondary phenomena (e.g., re-
entrainment of droplets from exhaust line walls).

3. The dry waste simulant particles collected by the filter samples tended to range in size
(effective diameter) from about 1 to 50 um, and about 80% of the aerosol mass was
due to particles greater than 10 um. The dry waste simulant itself was determined to
be composed primarily of much larger particles, having a mean particle size of about
280 um based on an average of four measurements (see Appendix A). This indicates
that the VRS is very effective at collecting waste particles larger than about 50 pm.
Visual inspection of the LRVP seal water drained after the tests indicated larger
particles were being collected by the LRVP seal water, implying that the 50 pum
particle size was essentially the cut size of the LRVP separator vessel. This is

supported by similar particle size analyses of the solid particles in the exhaust line
liquid samples (Cond4 and Cond5).

4. Batch tank aqueous waste simulant collection efficiency was markedly higher for the
test conducted with one LRVP than for the three tests conducted with two LRVPs.
The calculated batch tank efficiency with one LRVP was 99.98%, and with two
LRVPs the average was about 98.3%. The reason for this difference was not
established but could be explained by a nonrepresentative LRVP2 sample or an error
in its chemical analysis. Because it is inconsistent with subsequent test runs, it is
recommended that the batch efficiency calculated for the CsCI1 test run not be used
for safety-related analyses and that the batch tank collection efficiency be assumed to
be 98.3% regardless of whether one or two LRVPs are used.
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5. The VRS exhaust was estimated to contain between 0.07 to 0.7 mL/m> of LRVP seal
water as an aerosol, excluding a single anomalously high value associated with Cs
measurements in the first test run.
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HORIBA LA-920 g0 windowsrh [ WET(LA-020)] Ver.3.25

Laboratory Manager
LA-920 syatem for Windows
Filename 1200308280816182 i e
Trvine, CA 92614
Sample Name 503m000429 Faoc (549)250-0924
Material :S03m000429
Source . ﬁmm'mdf’ 2
Lot Number 11000 24hr's rose gl
Form of Distrbution :Standard Lamp T% ; D65
Cistrbution Base  Volume Cale. Level 130
Sampling Times 10 RRLIndex :18080101
SP Area: AN ferd ) Vardance : 12.875(um' )
Median : 340P4m) S.D. i 3.5881(jmm)
Mean 1 4.398Num) o : BLB1S2
Mode 3 BA71{m) Geo, Mean @ 2.7BES5{pm)
Span @ L8931 Chi-2 1 0.147233
%% on Dlamater Diameter on %%
(1)5.000 (W) 0.374{pm) (E)50.00 (%h)-  4.660pm) 1950.0 {pm}- 100.000(%)  150.0 (um)- 1D0.000(%)
(2000 (%) 0455(pm) (770,00 (%) 6.114(pm) 6000 (pm)e 100.000(%) 1060 (pm}- 100.000(%)
(3)20,00 (W)} 1L036(pm)  (E}E000 (%)  7.E8S{um) 425.0 (pm) 100.000(%)  75.00 (um)- 100.000(%)
(4)30.00 (%)  1.741(pm) (580,00 (%)= .63 1um) 3000 (umy 100000{%)  53.00 (pm)- 100.000(%)
(540,00 (%)= 24580um) (1009500 (%)= 11.201{um}) 2120 (pm)- 100U000(%)  38.00 (pm)- 100.000(%)
8.000 *ID(}G
T ;
i" .'
3 fl |2
(=] .
3| il 15
g b ) . T“q 1 g
8 | ¥ mi | @
; i . 5
gl | | 3
it 1
| 1'
L - -
0.0-4— — .’IJ...L WU 0
0.020 0.100 1.000 10,00 100.0 2000
Diameter (pm)
- —
IMo. Diamater Undiér % | Mo, Diamater Uniér % | Mo, Diameler Under %) No. Dismater Under %
7 0022 0000 0000024 0510 2443 120450 47 11565 4,048 05,006]70 282478 D.000 100.000|
2 0026 0000 0000025 06584 2057 14.102)48 13246 2410 GB.345|71 300518 0.000 100.000
3 0029 0000 0000|260 0669 1407 15.510(48 15472 1125 G0470(T2 344208 0000 100.000
4 0034 0000 000027 0768 1418 1602550 17377 0400 00BTS|T3 398244 0000 100.000
5 0039 0000 0O0D| 2R 07T 1210 18.4935[851 15804 0421 100.000| 74 451558 0.000 100.000
& 0044 0000 0000/ 29 1005 1443 105TB|S2  Z2TST 0000 100.000(75 517.200 0,000 100.000
7 0051 Qo000  0ODD| 30 1.151 1,688 21404 26111 0000 100.000| 76 5SEZ3ET 0000 100.000
8 0058 0000 00003 1318 2401 2EGS4[S54 20007 0.000 100.000|77 GTES04  0.000 100.000
§ 00T 0000 0000/32 1510 2787 2674155 34255 0.000 100.000{ 78 777141  0.000 100.000
i0 0076 0000 0000/33 1729 2058 2976956 29234 0.000 100.000) 79 BS0.118  0.000 100.000
11 0087 0000 O0000|34 1881 2902 IATO1|S5T 44938 0000 100.000) 80 1016.515  0.000 100.000
12 0100 0000 0000035 2360 AATE ATS80 58 51471 0.000 100.000) 81 1167.725  0.000 100.000
13 0415 0000 000038 2S99 4902 41882 58 58,953 0.000 100.000) 82 1337481  0.000 100.000
14 0431 0.000 0000|37 2076 4144 45825 80  67.523  0.000 100.000| &3 1531914  0.000 100.000
15 0450 0000 0000038 2400 4189 E00M4 |61 77339 0000 100.000| B4 1754813 0.000 100.000
i 0472 0000 000038 3905 4208 54222|62 A8.583  0.000 100.000| 85 2000000 0.000 100.000
17 0497 0000 QU000 40 4472 4560 5856063 101480 0.000 1000000 1
1 0z 0124 012441 5122 4630 £3230/64 115210 0.000 100.000]
19 0259 0367 0491 42 5867 5062 86262/ 65 133103 mim,umE ]
20 0205 0872 1383 43 65720 5613 TISOS 65 152453  0.000 100.000
21 0239 2127 3450|44  7567 | G165 B0.0TO|67 174616 QU000 T00.000 |
2 0389 ZN3 S5603/45 0516 6405 B64T5|68 200000 0000 100.000 {
23 0445 4000 O502(46 10067 5405 61.880(69 229.075 0.000 100.000 |
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E%E]Bzﬁ}r LA-920 for windows(rv | WETLA-920)) Ver325 e
Filename 1200308280816182 STSRL Prmaiiveny Swamisn
: Irvine, CA 92614
Io# :200309021001184 Fhone: (S00)446-742%
Sample Name S03M0004320 Fax: (949)250-0924
Material $S03M000430
S = e
Lot Number 11000 24hr's TS : gi,1{q{:;
Form of Distributfon ;Standand Lamp T + BB.2(%:)
Distribution Base  :Volume Calc. Level 130
Sampiing Times 10 R.R.Index 18080100
SP.Arca: 24868(cn fom® ) Vadiance @ S2680(pm! )
Medipn  : 7.6884{pm) 50, 3 7.2581(pm)
Mean @ 9.0071{am) o : B0.582
Mode @ 12.3628{pm) Gea, Mean @ 5.556%(pm)
Span 1 22890 Chi-2 : 0.054840
%% on Diameter Diameter on %
(135.000 (%) Ou464{um) (B)60.00 (W) 9.968(um) SBE0VD fum)- 100000(%)  150.0 feml 100.0000%)
(2)10,00 (%) 0.791pm) (7)70.00 (%) 12.135(pm) G000 (prmj 100.0000%) 1060 (um) 100.0000%)
(3)20.00 (%) 2.056(um)  (B)BO.OO (%) 14.76L{pm) #25.0 (pm)- 100.000(%)  75.00 (am}- 100.000(%)
(403000 (%) 3.581(pm)  (9)90.00 (%) 18.847{um) 2000 () 100.0000%)  53.00 () 100.000(%:)
(5H0.00 (%)  5.683(pm) (10)95.00 (%) 22583 {um) 212.0 () 100.0000%)  35.00 (um) 99.7E0(%)
sop0pnr—————-—- e ity 100.0
G M I -/ i
L1 e
S il i 2
§ - A i I M s
E.'_ ."'j b E
m r{ :_ " =
0.0 rmrrrrrry "'[1 m—ﬂﬂﬂ J,..‘ . ”‘.L — —" Y1)
0.020 0,100 1.000 10.00 100.0 2000
Diameter (pum)
Ho, Digmeter Undor % |Mo. Disrmeter Under %! Mo, Diamater Under % |Mo. Diameder Under %!
1 0072 0000 000034 0610 1458 602147 11565 G660 Br475| 70 202,378 0,000 100,000
| 2 0.028 0000 0.000| 26 0584 1,820 7548048 13248 TI2F 4602|711 200818 0000 100000
3 0029 00DD Q00026 0668 1474 BTR (45 15472 GT7A6 01.368(72 344200 0.000 100.000
4 003 DODD 0000|2708 1078 076860 17377 6858 £7.225(73 34244 0.000 100.000
6§ 0039 0000 0000(28 0877 O0BSE 10666|51 15904 4539 $1.865 T4 451556  0.000 100.000
6 0044 0000 000020 1005 0BT 11.546(52 22797 3389 GS52M|TS 617200 (0.000 100.000
T 0051 0000 000030 1451 1047 1250353 26111 2238 ©7470(76 S592.387 0,000 100.000
| 8 0058 0000 0.000(31 1318 1345 1a_m|5-: 29807 1340 HA.B10 77 GETES04  0.000 100.0001
{9 0067 0000 0000032 1510 1.520 15450/ 55 34255 0714 9052478 TIT.A41 0.000 100.000)
10 0076 0000 0000033 1728 1701 1770|586 3/2M 0338 99895979 BI0.118  0.000 100.000
11 0087 0000 000034 1881 22320 190.300(57 44938 0149 100.000) B0 1019515 0,000 100.000
12 0400 0000 0.0000 35 2285 2220 21610(58 51471  0.000 100.000 B1 1167.725 0,000, 100.000
13 0415 0000 0000 36 0 2565 2085 23895/ 58 BASS3 0000 100.000| B2 1337481 0,000 100.000
14 013 0000 0000|37 2876 2476 2847180 67523 0000 100.000| 83 1531.914  0.000 100.000
16 0150 0000 0000|368 3409 ZSTS ZE.046 61 77339 0000 10000084 1754813 0.000 100000
(16 017z 0000 0000|388 3805 2633 31673 62 85583 0.000 100.000) 65 2000000 O.030 100,000
117 04957 0000 0OBO[40 4472 2730 3445063 104460 0,000 100.000 l
|18 0226 0000 000041 5122 2985 37444 64 116210 0,000 100.000
(19 0258 0219 021942 5857 3310 40.755/65 133103 0.000 100.000
120 0206 0445 068443 6720 3795 44540 66 152453 0.000 100.000
|21 0350 D928 150244 TEOT 4480 49030067 174616 0.000 100.000
{22 0389 1074 266745 BE15 0352 54382/68 00000 0000 100.000
23 0445 1896 456345 10097 6200 605963 220075 0000 100.000
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HOR]B& LA-920 o wWiadowsctng { WET@A 2203 Ver .33 Horise Latborstory
1200300290816182 17471 ' A
or 1200309171430205 '*'»_“
Sample Name S03IM000430 REDO Fax: g
Faterlal S0IM000430 REDO
: S e s th
Lot Number 24hr's .
mumwﬂm Loser T 1S9}
Loy T W)
Lamglng T BT B8 Indes : H0SDI0L
$P Avem:  LONNSE + S{ow! fom' ) Veince ¢ OSITMue )
Heben : SD. 1 0Gm)
M H o E‘ ; TROATS
Spen 1 2712 iz :n.w}
“I;;.“ Dlamster on ¥
L 10R0gpm) 500 fum) 100 1500
Rmins Galm) (masotar Zinim ] = G R =
] QA(em)  (VA0OL00(MW) L17Mum) wa HO00000%) 5100 (e}
(oo (mr 05aem) (19900 (%) 13564m) 7100 (g} JODOOOCW) D3RO0 (pem) 3000000
34.00-——-- - - v -
H 1
it {
B -
! 4
r &
| {
b !
' i |
1 '],,lﬂiu ; \
0.0 !"'_'*_""-—_"'—'““:J'i, R & el 1 X
0.020 0.100 1.000 10.00 100.0 2000
T T . | . Dismeter (um) a
|Mo Digvate Uncer % No. Glarmeets Under % o Chameien uwmn-n-ur urder %/
TUEBa oded EH0oI2e THSI0 ek w0ed AT T Tises o5c0 100,000 | 70 ez are Bl 100 8K
|2 00 000 0000|8 DSs4 a4l 4aTEI|4B 11348 0000 100000 T1 0058 0.300 100000
3 003% 0000 OGO\ 78 0668 280 40 A51T7 0000 100000 72 244200 10 002
« CO} 0000 000O|2r 0768 25 3380 60 11377 0000 100000\ 73 M4l 0000 100000
§ 0005 000 o0000(3 ONIT IA75 MABGS/51  TREOL 0000 1000O0|74 43166 0.000 100000
¢ 0Ds D000 0000(DY 1665 327 MR B oodd 10000 | 75 £17300 0.000 100000
T oD%t SO0 oOOIN 1151 4w 8 8 MO 0000 wO000! e ST 0000 10008
4 oo o0t 000 3 138 5300 GADis M et ) 0O TT ETHS0L  DLD0D WO.000
?  0DW 0000 Q000|X 1510 S5 T4B36[SS 34255 0000 WOOCO|TE TTLMY 0090 KOO0
10 DO 0000 60003  1TIB S35 MO0 B8 3TN 0000 100000[ 7R @i 0030 10000
" poeT - 0000 0.0001 M 1o A8 L A% 0000 WO00D M 1WA mﬂlm’
12 0100 0000 00035 2309 S0 BIBJI 54 Si471 0000 100000 81 1147.728  0.000 10 00D
13 o418 0000 0005|36 2509 2636 05447 59 £395) 0000 100000 &2 133748 0990 160,000
‘% 013 0000 06903 zétA 27 97 |n §7.623 0000 100.000| B3 1534 014 0,000 100,000
15 QA4S0 0108 00|38 2408 4564 00ARMIE1 770N 0000 WOCee) G4 1754813 0000 100.000
4§ 172 0236 0M1[38 3808 02T WTIFI 62 BASEI 0000 100.000| BS 2000000 0000 100,003
W7 0197 0S8 ODO1 |40 4472 ©32) 100000, 6 101408 0090 100000
15 023 179 2141 S172 0000 W0O000Ie4 116210  0ON0 100.000
v% 035 2470 4814z 3857 Q000 WH.OUO|ES 133400 0000 100000
o o0 440 03241 ATIO 0000 ¥R r- 1352453 muﬁm'
20 0309 7.4en weeslas 7857 €800 10000 87 (MG 0000 100,000
Fe a3 THed .M 48 ams 0600 W00 o8 Aoy Qo
T 04es 10108 3404444 HA097 0000 wathd 88 2MOTY mmmi |
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i Horiba Laboratory
H—#%RIBA LA-920 for windowscrun [ WETALA-920)] Ver1.25 sahoratory amnger
Filename :200308280816182 ““‘:l‘*"""'_
10# :200309021008185 e —
Sample Name S03IM000411 Fao (949)250-0924
Material 1

n-nhun!udﬂ
Source 0013 ()
Lot Number 11000 24hr’s lﬂ“ - TS.80%)
Fanm of Distribution =Standard Lamp T% =H.b,"h,'|
Distribution Base  :Valume Cale. Lavel 130
Samgiing Times. 110 AR Index :R80a0101
P Area: 1M7ow jow! ) Variance @ 1MUBS(pmY )
Mechan @ 10U2814{pm) SD. ¢ 1LIMNjm)
Mean @ 1L7306(pm o 1 B7.76803
Mode @ 12.4235(pm) Geo. Mean :  B.4415um)
Span @ 1385 hi-2 : QUD0GELT
% on Diameter Dlameter on %
#£1)5.000 (%) 1.272(pm) (636000 (%} 12.613(pm) m(uh;: mmj 150.0 (pm)- ;
E}Mgr ;:mn Emnnn#; m} IMUBM}
(4130.00 (%) Sg:’i (%) w Mhm} Q0BE %
{5)s0.00 B034(em)  (10095.00 (%) 32.980m) lﬂﬂ&n} W00.000(%) 3800 (pm) S6ITS(%)
3.0001 100.0
i Al :
S i 1y
E | S ‘.—| B e E
= E
gl 1 §
ol
; 1 ’
: [M “
un LR | T T T - U, . R | T n.ﬂ-
0.020 0.100 1.000 10.00 100.0 2000
Diameter (pum)
MNo. Diameter Under % |MNo, Diameter Under % Ma. Diamaier Under % |No. Diameter LUnder %
i 603z BO00 0000|354 0510 0200 0O808|47 11505 G487 55.000|70 282378 0000 100.000]
2 0028 0000 000025 0584 0458 195548 13240 @878 B2484|71 300518 0.000 100,000
3 0020 0000 OO00|26 0B85 0435 1500(48 15172 G047 60331 (72 344208 0,000 100000
4 0034 OO0DO 000D 2T 0766 0500 2000(50 1TATT G380 TETI1 |73 304244 0,000 100.000
] 003 0000 000D| 28 QATF Q450 2580 51 10004 S010 B1.320) T4 451858 0000 100.000
6 0044 0DOO 000D/ 2% 1005 OB)S 2724 57 72797 4724 BAOSI| 7S 517200 0.000 100.000
7 0051 0000 000030 1157 OB81 4105|5% 26411 3620 BOBAO|TE GRRAT Q.00 100.0D0
8 008 0000 O000)3 138 1215 8320|584 60T 2600 G2ETI TT GTASOA  0LOOD 100.000
§ 0057 0000 OD0O|32 1510 1400 OT20045 34285 2261 95134| T8 T77.M40  0.000 100.000
10 0078 0000 000033 1.720 1603 833255 3IM 15409 S6TE4 TS B0 0000 100.000
11 0057 0000 000034 1987 2087 10399|57 44908 1905 07.648|80 1019515 0.000 100.000
12 0100 0000 000035 £209 2407 12508(58 S14T 0700 E8.748| 81 1087.725 0.000 100000
i3 0415 0000 0000|388 2509 2200 14TBS|50 58953 053 9928382 1337481 0.000 100.000
id 434 0000 0.000) 37 2078 2385 17.182|60 AT.5XY 050 9963362 1531414 0,000 100,000
15 0150 0000 0000|38 2400 2451 1960361 TT.I9 025 O9ASA| A4 1754813  0.000 100.000
4% 0172 0000 000038 3905 2521 Z2124/62 BA.SE3 0.942 100.000| 85 2000.000 0.000 100.000
17 0187 0000 0.000)40 4472 2652 24776/ 83 101.4560 0,000 100000
18 0226 0000 0000 4 5122 ZAMM IT812|84 MAEXD QUOOD 100,000
19 0250 0000 O0000[|42 SB57 3122 MTM|65 3103 0000 100.000
0 02690 0000 000043 6720 2550 MI84 08 152453 (0.000 $00.000
3 033 0000 O.000 &4 THRT 4158 M4<40{ 07 174518 G000 100.000
22 0389 0422 0122045 BBIA 4041 42381( 58 200000 0.000 100.000
2 0445 0282 0404|488 10097 S757 40,128 62 220075 0,000 100.000
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EEHRIB,& L A920 1o windoms(Th | WETELA-920)] Var3 15 b b s o
myvinm For Winsicrers L7671 Armytreng dvenue
;2003002808 16102 Trwina, CA 92614
o= :200309471417203 Fhone (BOD444-T413
Sample Namo sS03IMOC04LL RICO Fee: (Bd3)115-6024
Materlal S0IMO0041 1 RECO -
. Crouion Speed )
Sgurce . Wirs soric 01y
Lok Numbar 21000 I4hr's Liser Th :nﬁ
Farm af Cisnbytion : Manderd Lvmp T4 154
Cistrbybon fpgs  Volums Cale Ll 30
Samphay Trmes ] K.R.lncex (180e0301
&4, hroa | u foxt ) ::"' r"m )
. | o i eem
Made | 12] ) Gon Man | Gblbum)
Span i LG On-2  BAORETY
e o Diamsbse Dlameter an "

{05000 (W) L0DMpm)  (DROOD(W)  10LMCum)

(D00 (Y  LSS40m) (Nroofsy 13.MYem)
GEN iEn mES R
(s (n 610%m] (1590 () WAV}
34.00 s i
t
[
3
&
> !
Ei*
b 11
0.0 .|.-__ TN ¥ | wildLl
0020 0.100 1.000

" [ 14 asfe b
| oo ask oare
3 oore [T e
P oo i
]

' Doas 1003 uldd

| ¥ oo i 130
[} [T 2] 13 1B
] poar 1510 1 bEE

W gor L7 rOTd
" oosr - T
F] a1a ra  Bead
3 =RE 1] 240 2RO
1 oam IATE RO

1% RE T S4fd DoAY

i arz 1008 AOX

i aLer aary Az
11 filkri] Biaz AT
] 0% ST AN

] 0aga AT 4

n o TN Ak

n Daay e S

i 044 M54 Wpoar B30

Ditenatee (we) _

Unser S M6, Diatutsr

1040 48 133W
i 40 Wan
3 S0 17917
ABAT| BY 10
tl‘ll-l g nnr
S8 853 MM
reen S4 26000
Bafl 55 WIS
|1.m| 50 22w
WI1Td 87 4483
1ehial 88 S14n
10832, 58 99
256 80 @rLId
MatTiiEd e
04T B2 S008I
Jee9 B3 W0L480
SO B4 TIATMO
M8 6 120
41478 B8 15245
AT BT A8
$3408) B8 J00 000
4 IMaory

150.0 (um)r 100,903 %)
104 & k- 100, 0000 W}
TS.00 (gm)}- FRETHW)
S3.00 (em)- S9GNN)
300 (e 98328(%)

= . lwlo

| S—

Oversize (%)

e e 0,0
100.0 2000
e H;_ “_-I'IH-'___ -‘U'ﬂ"-"-k

TN TS W T eI REW oo w0000

WFra TSN TN RS0
§3H TR TR a4l
B3NS BAGET| TD Milea
4ZT) BOTIO TH 451568
3244 GRATS|TS ST 00
2374 QA0 78 502347
1888 00037, 7T ATIS04
Lars rTaziie M144d
o8dé abdvl'TR mBO1NE
0546 GRCOT B0 AG10.515
D3 Padaz|er 1187 res
DRsr seeod; 62 1337.4M
G176 SRA7E| 83 531 014
0134 100000, B4 1754513 l
9000 105.000' 98 2006000 0080 100000
B.000 100 800

a.000 168000 |
Q.00 166 000
Q000 Wo0 P02
80O 100 800
gCra 160 000

G000 18 a0

¥
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= Haring Laborstorny

HOHRI'B% LA ~920 for Windouws (M) | WET (LA Ver 23 Labaratory Blanager

Flename t100308280816182 Trvles, CADIE14

s 1200309021014 184 m%:nu-m

Sample Name :S503M000416 Fano (91 150-0924

Material SOIMO00416 Craslaton Soeed

Seuree : LtTa sonic E:ml

rﬁl:nl- 11000 Z24hr'y wt_:‘ b

Desripution Base Vol t;“m L

Samgling Times H o] F.R.Incew :1B0a0R01

SF Ama: L4G2M(c® for! ) Varance ¢ 7108w )

me | mem £ T

Mein o 0.0

Mode ! Geo, Mo ;. T

Son : ANDS Thi-2 [+ 1]

‘-“ﬂ'}- I_{-;-* 1900

{1Y5.000 L 1L #S00 (] 100.0000% )

(320,00 (%) m (Ep80.00 (%} im 4250 (pm]- 100.0000%)

mm £5)50.00 (%) 300.0 (pmj 300 (pm)  SRATHWN)
BASO(m)  (IOMS00 (W) JEEMum) 2120 (pmir A0 (my  FAM%)

£.000 ——— 100.0

Oversize (%)

u.ﬂ 1 L T Wl

0,020 0.100
'rml—rM'[m—ni;l:—u

] 038 Q000 0000|285 n

] G038 0080 000028 e n

4 0084 0060 G000 27 e.137 n

] 0.0%8 o000 QoM I8 107 M

§ 0.0 Q000 Q00 39 - 1607 ©1T48| T

7 .05 0000 OCO0G[20 1151 1000 45583 2911 2660 oD4TO8 (T Sed3aT G000 100004
1 0.08S0 0000 0000)21 1308 1458 GAE|S54 20007 1070 DO.TH |77 GTAS04  0UOO0 100000
§ OOS7T 0000 O0ODOJXE 1510 1AT3 AOMA| 55  MESH 1300 004T|TD  TTT.41 000D 100.000
46 0078 0OD0 0QCOAf3] 17 TRAD RETE|SE  J8IM DA%0 SOM|TR OO0 Q000 100000
" GOET 0000 0.000]34 1081 Z41Z 12384) 5T 44538 0417 9055180 1010516 0000 100.000
12 0400 0000 OCOM[3E 220 2 WR1D) 58 S147 0262 ©OA43 B 1)G1TZS QD00 10000
13 0079 0900 CO0D' 36 ZSEe R2OM 17.424] 50 &.467 100,000 A2 17481 0000 100000
" 9131 0000 00003 29T 2002 20176 60 6iS3 0.000 100.000/83 1831914 4008 100000
15 0.1% 0000 0000{30 3409 ZI73 I2A9 61 T730  0.000 100.000/8¢ 1754613 0004 100000
M 0172 Q00 00003 2805 264D FSTA0| 62  BESED D000 1CD00D B3 2000000 CuOMd 100.000
17 0967 0000 0000/ &8 4477 2580 IATIO\ED 101480 00D 100.000

1 O07% 0000 O0000/&f 5127 1980 MB00(64 VG0 000

16 038 0000 60000/ 42 25657 2400 M2 65 11103 0D 160000

30 0 0800 GO000j4d AT 21054 MO M8 152453 0000 160000 |
T 039 0400 GODD[44 TS 4808 42084[87 174818 0000 1EO.80D i
Fr OME Q5 DIB4T A4S B8 Bain ARS8 | B8 200000 0000 100505

73 QM5 030 052348 10407 €203 5581|609 29075 0.800 100.000 |
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Filsmame 16182 1TE7L A maw ey dvevd
s 1200309171410202 Irvina, CASISL4
Sample Name 50IM000418 REDO mﬂ
Materlal 503M000418 REDO .
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HORIBA LA-920 row Hariba Labaratory
LA-920 system for Windows B Labaratory Manager
Filename :200308280816182 e
’ Trvine, CA 92614
ID# :200309021021187 Phone: (B00)446-7422
Sample Nama :S03M000412 Faix: (049)150-0924
Material :S03MO000412
Seurce : gt W
Lot Number _ 11000 24hr's Lasar T3 -+ 59.1(%)
Form of Bistribution Standard Lamp T S B
Distribution Base  Sviplume cale. Level *30
Campling Tames 110 AR.Index :180a010
S0, Area: SOTLAor! joml ) Varance 1 S41TApn )
Median ¢ 13.2895m) 5.0, 1 7.3605[um)
Mean  ; 13.3004um) o 1 57469
Mode ;L& ¥Mi{um) Geo. Mean ; ln:mﬁz[pmj
Span i L5041 hi-2 H 1
%h nn Diameter Dlameter on %
MU5.000 (%) L5S8(pm)  [B)60.00 (W) 15.175(pm) SH50.0 (pm)- 1D0U0OD(%) 15000 [um) L00.0O0(%)
(2000 (%) LEERum) (77000 (36 17.245(pm) G000 (prel 100.0000%) 1050 (pml- 100,000 %)
(3120000 (36  GOTNpm) (BIA00 (%) 19.466(m) 4250 (pm}- 00.000(%) 7500 (pm} 100.000%)
(HO000 (%)  9.037pm)  (S)S0L00 (%) Z2.eEE(um) 000 (pm) IOOOO0(%) 300 (prl LO0.00W%)
(G000 () 11308(um) (LO0SE.00 (%) 25.5TRum) 2120 (pn 100000(%)  38.00 (pm}y 99.525(%)
13.00 ~ ’ 100.0
i I|_.-' E
-|_..'
= it —~
ol il 1
B | 1 o
5 M 3 N
’ | 4
3 | Il
i3 ’ﬂ
' il f
0.0 o ﬂwrﬁﬁﬂi .]...ll e mms. 0.0
0. 02{1 0. 100 1,000 10,00 100.0 2000
Diameter {(pm)
hia. DHametes Under %| Mo, Dlanssber Under % |Ma. Diamatar Under %Mo, Dismater Undear %
1 TES 0000 Coo0 24 G0 0.PZ4  0447| 4F 11605 GA37 41,148 F0 2e23re 0000 100.000)
¢ QO 0000 0000|325 0SB4 0363 OB10) 48 13246 EA05 46.784| 71 300518 0000 100.000
) OO OOOD 0000|265 0 OGBS 0343 1951) 48 15472 10229 59.983) 72 44308 0000 100.000
4 o014 000G 000a|ZT  OFES 0387 15200 B0 47377 11421 7103 T3 304244 0.000 100,000
| & 0089 0000 0.000] 24 0877 0385 1828 B4 {RBO4 10B41 BIT44) T4 451556 0.000 100.000
[ 0044 D000 0.000) 20 1,005 G471 FIBS| 52 ZRVET  ASE? B0OT|TS SIT.200  0.000 100.000
7 ons1 0600 000030 1451 0626 30ZF| S8 2M11 BSIT B5E43|7E  SSE5AT  0.000 100.000
g 0058 0000 D000 3 3R DEZE  3844| B4 20807 2775 SAGIA| 7T GBTASH  Q.000 100.000
& 0T 0000 00000 a2 1510 0922 4766 55 34255 1053 95.602| TR TTTO40 QU000 100.000
10 OTE 0000 0,000 X% 1730 A4ME 5782 56 39234 033 100000 78 BSOANG 0000 100.000
11 0BT 0000 0.000(34 10a1 1280 7032 57 44508 0000 100.000( BO 1019815  0.000 100,000
£2 0400 0000 000035 2269 1254 B2AT 58 61471 0.000 100000 B1 1187.725  0.000 100.000|
143 0115 0400 000035 2648 1333 9619 59 50853 0.000 100,000) B2 1337481 0000 1000000
‘31 043 0000 00003 2078 1976 W0§SG| B0 67523 OO0 100.000| &5 1531814 0.000 100,000
15 0481 0000 0O000| 3@ 3408 1436 1242|861 TTE30 0000 100.000) 84 1754613 0.000 100,000
15 0472 0.000 0000) 3%  3805 1508 13640) &2 BASEI  0LO00 100.000 85 2000000 0.000 100.000
17 G187 0.000 0000|400 4472 1536 I5ETS) 63 10460 0.000 100000
18 0LF2E 0000 0.000| 41 5422 1845 17.382) 64 116.20 0000 100,000
15 02SE 000D 0000)42  SBET  ROD8d 18478 65 433400 0000 1000000
ah  0oE OO0 0000|4373 2485 21951 66 152453  0.000 100.000
| 0335 0000 0000 &4  70ET  3.090 2505167 174618 0.000 100.000
¥ 0389 0000 0000 45 BBI6 2908 20036 65  EOO.000 D000 100.000
21 0445 0227 0222048 10097 B27E 34312 6@ 220078 0.000 100.000
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HORIBA L Herlba Laboratary
LAS20 a £ A ﬂﬂ' foe W indowsC M | WET(L-A=F20)] Ver.3 23 Laboratory Manager
Filename .:mnmnum il Lot
ID# 1200309171434 204 m?‘mﬂmmml
Sampla Hame 1503M000412 REDO Faxi [949)250-0924
Material 1503MOD0412 REDD
Source ' Onculation 3
Lot Number 1000 24he's e
Form af Cistribution :Standard Lamp T - 9]
Distsibubion Bage  Vohume Cale. Lewel 130
Sampiing Times 9 BLALInder 1800100
5P, A 1558Cm’ fom ) varlgnce  : L9 LBS(wm' )
Medien : BLI¥S2(um) 50 ¢ A3A00 ()
Mean  ; 7S25E(pm] o : E5.3RA7
Made 1 10.7130{um) Gao. Mean 1 & 17T pm)
Span ;14347 £hi-2 : 0, IGSHTE
&% on Dlamsaber Ol ke om N
(1)5.000 (%]-  LOBBe)  (6/60.00 (%) F30{um) 500 (s} 100.000(%) 1500 (pm)- LGN}
(2000 (%)} LEIB(pm) [T)70.00 (%) LO.4560{sm) G00.0 (pm} LOGODG(%] 1060 (um)- LOMLONNY]
tﬁﬂﬂ-ﬂtﬂ}: BASpm)  (E0.00 (%) LLTLMum) 4250 (pm} 100000(%)  75.00 (um)- LO0D0K %)
(43000 (W)}  SIT4m) (98000 (%) 13.433(um) 0.0 (pmy WOOOD0W) 5300 (um)- LD0DDN %)
(538000 (R 0EpeY  (L0SGD0{R)  1RSMum) 120 [y 100.000(%)  36.00 (uml- 100.003(%)
34,00 —-— A ————ets ¢ e e it s e = = memnmsen smnin e I
1
| ;
= 1
.-;- 1
. | ==
L | &
G A
a ] g
§ | -
= i
£ ; ]
B | I |
: Lici "
fligg I
R | | ]
0.0 — gl ||||5”||Ii|!!.i__.1|___.__.—..._.., 5 ..____1D_ﬂ
0020 0100 1.000 10.00 100, l:- 2000
Dm.me:ter fum]
|M¢. Dlamoie Unde % |Ho. Digirsicr Lmu-r!- Hu nmhr I.Jndurﬂ.lr'lu. Damaler Unides 'i.l
[y HGE Be05 GO00|34 T 0EI0 OATH LI6R &7 11885 12750 “ypgan [0 TEEEEE T 006h 1007604
i2 0026 D000 LOO0j35 0 OSBe 05I2  1TE) 48 13044 10204 ERZ0E TI 3D0EE 0000 100,602
| 0038 0000 0000|358 oseD 0584 2AED 4% 15472 .S PETI0! 72 J44.208 0000 100000
4 0014 o0poD ooool3F  QTeA QARY AT S0 1TATT 2aEd GR.FOS T3 244 0000 100,000
&  0.03% Q000 0000|328 pATF  0.8E3  1B4D) 51 19504 LDIE 00731 | T4 45bS 0000 100 Qo0
& 0044 000D 0000 29 1008 OS5 4805 S Z2TET 09 100.000) T8 84T 00 Q000 190,000
T ags1 G008 0.008)30 pUEY 44T 5832 83 @hA11 D000 1000000 T B5L 6T 0.000 1ill'.l.l:|l}n|
] a0ke GO0 0.000| 3] 318 1s¥@ T.073 54 Z0GOT 0000 1000000| 77 GVE.04 0000 100.000
L] Q0BT [Og] DCo0(az im0 1713 AEP0 S5 M2SS 0000 100000 1B TTT.041 0000 100,000 |
10 0078 OO 0009|332 1733 1648 10739 S IBZ34 0000 100000 7O EDOIEE 0 OG0 10G.000
11 0ORT - 0030 000D | 34 1851 22X 1187157 445 0000 100.000; BO 1010508 0U000 100,000
17 G100 0000 0000[3% 2259 2088 150%9 83  S14T1 0000 100000 B1 1187 P26 0000 100.000
57 n46 0000 0OOB|36 5P 2074 17435 S5 sA8S3 0000 100.00Q B2 1397481 0,000 100000
14 0,31 Qoo Q000 37 2g78 J015 16180, B0 ETEZ3 0000 100.000) 63 1514 Q000 100008
1w (S0 Q000 0.000) 38 3408 9008 21476 81 77338 0000 100.COD) B4 1754813 0.000 1000000
18 piFr Q000 Q00D 3 3005 3118 2ia0e’ ®®  GESE3 0000 100.000| 8% 2000000 0.000 100.00D
17 oisy  BOGED 0000 40 4472 1415 25722l @3  10naB0 0000 1000000
18 026 D000 0000|410 £137 2002 R85 B4 116710 Q000 100000,
18 0250 0000 0000[4z  SEA7 3EN :u-w.s|ss 133003 0.000 100,000
|20 o.2e8 000D Cubod| 43 G720 6214 I7ETH BE 157451 0000 100,000
Fi! 0330 GiEE 020 44 Fagy 7312 Hi!1| IFE1E 0000 100000
99 Q9B OFi4 0543/ 45 ABIE 10051 SSO4alEa 200000 0.000 100000
27 D445 0408 078148 10097 1767 GEB11| @0 IFW0TS  G.000 100.090




HEEBIPﬁ “I:ﬁ-ﬂﬂ for Windows(Th) | WET{LA-9200] Ver.3.23 mm Manager
Fystam

Filename :200308280816182 B i
ID# 1200309021028188 Phane: (B00)446-7422
Sample Name sFilter 4 Fax: (S49)250-0924
Material iFifter 42 Gireulation Spead 13

Lot Number 11000 24hr's e St L

Form of Distribution :Standard lamp T% 1 96.7(%)

Distribution Base  Malme Calc. Level 330

Samgiing Times a0 R.ALIrdex +1BC8CI00

SP. Area : AZFLALanT ford ) Varlarce 1 3TN )

Median @ 34.50200um) 50, ¢ IBATTEum)

Mean  : 34.9008(um} oV ;545480

Mode 1 42 210um) Gen, Mean : H‘.ﬂﬁﬂ{um]

Span i 147 Chi-d ;015642

%y on Diameter

#(1)5.000 (%}  3861{um)
(210,00 (%) B791pm)
(320,00 (%) 16.745(m)
(4130.00 (36} 23658 pm)
(5H0.00 (%) 26.72Npm)

{gpu 00 (%)  SSS20{um)
(10195.00 (Wi GE.905{um)

Diameter on Yo

RS0 (pm 100.000(%)
SO0LD (pme 100.0000%)
425.0 () 100.000(%)
000 () 100.000%])
2020 (pm)- 100.000(%)

13.00 o s : 100.0
4 &
- r,.f _
o~ ] [
-\E- | ) _—
& dUn s
‘l:; 1 i ERR=
2 : ] B
(=3 |
2| , :
=,
0.0 T et LS ot P — T 0.0
Q, ﬂ.’-!ﬂ 0,100 1.000 10,00 1000 2000
Diameter {pum)
Mo, Diamater Uncer % | M. Disrneter Unsder % Pda, Béameter Unclor % | Mo, Dismaler Linder %
i O0E: 0000 000028 0510 0408 0000 47 11,505  A.757 3000 70 262av0 D, 109,000
2 0026 0000 0000|258 0584 0947 025548 13248 2418 1834271 200518 0000 100000
3 0029 0000 GOOD| 28 ODEBD 0047 0403 45 45172 2510 1785172 3443208 0000 100.000
q 003 0000 0000|227 0786 D59 DSE1 BO 17377 2855 20807 73 FRe24s  0.000 100.000
5 LO3% G000 CO00[ 28 0877 045D 07200 B0 10004 3496 24302 T4 451856  O.000 100.000
& Oidd4  OODD 0000028 4005 GABT O801| &2 22797 4210 2851375 SITE00  GUOD0 100,000
' 0o81 0000 0000 30 1450 D23 1421 8% 28111 5206 3371976 592387 0000 1000000
B 0088 Q000 0000] 31 1318 028 1985| 54 28807 6573 4029377 GTAS04 0000 100,000,
8 Q067 0000 00003 1510 0311 1LTOB| 55 34255 B.ES4 4857778 TITA41 (U000 1000000
10 Q078 0000 0000 33 17289 0350 205755 39234 10047 SHE1E) TS BOO1ES  0.000 100,000
1 0087 0000 0.000] 3 1881 0425 2484) 57 44838 11482 G0.801) &0 1019515 0.000 100000
12 0q00 0000 0000|385 0 2260 0445 2826|568  B14T1 10806 S0.TO7| &1 1167725 0.000 100.000
13 G415 0000 0000 36 2539 0485 2414) B8 BASET  AMR4 BOUSOM) B2 1337481 0.000 100.000
14 BA3 000D 00DD(3T 2575 0818 3929 60 675I3 S0 05303 B3 1531674 G000 100.000
15 0450 0000 COOB|[ 38 3405 0548 A4T4| BT 77339 2055 DE34B| B4 1TEAE13 000D 1D0.000
18 D172 000D 0000 3% 3508 0573 5047 B2 BASER 171 GRS BS Z000.00D  0.OD0 100.000
7 0187 0000 0000 40 4472 0812 5650|63 101450 0375 09854
i1& 0236 0000 0000041 £122 0SB0 6319 B4 TG0 0105 100,000
9 0259 0000 000042 0 ABRT 0729 T.OMB| 65 133103 0.000 100,000
M 0258 0,000 u,uml-r! ETH 0BZA  TETA B8 152453 Q000 100,000
k1| 0333 0000 0000 44 TEST  OATI  BE40| &7 174816 DODO 100000
|2 0089 0000 0000|4500 SB1E 1975 10028 6B 200000 0000 100000
in G445 0000 000045 10087 1445 114700 69 229076 0000 1mr.mJ

A.12



H-ﬂu% LA-920 tor winsowcrng [ WETELA-920) Ver 325 fakninry e
Filename 1200308280816182 D
Irvine, CA 92614
D $200309021035189 Phone: (BO0}M46-T4212
Sample Mame 1S03IMO00413 Fax: (948
Material S03M000413
Source H G“‘H'wfamm
Lot Number 11000 24hr's e e
Form of Distribution :Standard Lamp T% 1 9L.60%)
Destribution Base  Nolume Cale, Level 130
Sampiing Timas HL R.R.Index 18080101
SP. Area: 286.24{cmt femt ) Varlance 1 115E4um? )
Miedian @ 22FHMONpm) s t 107537 Hpm}
Mean @ M4B34FFum) o ;43,3019
Mode  : 2ISBENpm) G, Mean @ 228, 1475um)
Spen  : LO9EE Chi-2 : D\03RT16
% on Ddameker Diameter on %
{15000 (%) 117,183 pm) (E)60.00 (%) 250.538{um) A50.00 (um)- 100.0000%) 1500 (pm)- TAA4GB{%M)
(2000 (%) 13662 0(pm) (P00 (%) ITAATNum G000 (um} SEFOR(W) 1060 (um)  3.2M5(%)
(320000 (%) 163.34500m)  (BH0.00 (36) 31752 pm) 425.0 92.958(%)  TS.00(pm}  0.563(%)
(4130000 (%) 1854340pm)  (G)00.00 () 385.842(um) 00 {pm) TEILF) SO0 (pm)}  OORT(%)
(50,00 (W) 206.29%pm)  (10)85.00 (%} 461.296(m) L0 (um)y ALE2(%) 3000 () DOXNTH)
lﬁ.ﬂﬂl = 4ll!III!I!L'l'.‘.II
i M/ i
= | f i
21 2
g ' i
2 ] E
g |1 it E :§
s
0. AQ:B 1S
0.020 0,100 1000 10,00 1000 2000
Diameter {um)
Ma. Diamedes Under % | No. Dismeter Under % |Mo. Dlometer  Under %Ko, Diamaler Uncer %
T GOz 0000 GOUn| 24 0610 0000 0000] & 11565 0000 0,000 70 262378 19805 G40
| & 0O 0000 0000|265 0584 0000 O000) 48 13248 DOOC 0000|771 300518 11764 TEASD
|3 0029 0000 0000(28 065 0000 0000 48 15172 DO00  0O00|TE 344205 D083 86143
‘4 QO34 000D 0000|27 0785 0000 0000|850 17377 0000 0000| 73 304244 ETTI 90916
5 003 0000 000028 0 O&TT 0000 0000) 51 198504 0000 0000 T4 451856 D707 84823
& 0044 00D 000028 1005 0000 0000 B2 ZETET 0000 D000 TS 517200 2388 &R0
7 008 0000 0000)30 1151 0000 0000 85 2411 0000 0000 TE G9230T 1598 BR.E1R
g 0058 0000 00003 1348 0000 000064 28807 0000 000077 GTAS04 DSBB B9.507
§ 0067 0000 0000032 1510 0000 0000 85 34I55 0000 0000(TE TTTA41 0403 100000
i 0076 0000 000D 33 1739 0000 0000 S 3923 0000 0000 TH EE0118 0000 100000
11 DOET 0000 0000|324 1E® 0000 000D 57 44938 0.000  0.000( 80 1018515 0000 100.000
12 0400 Q000 0.000) 38 2260 0000 QD000 58 Bi4F 0000 O.000| 81 1967725 0,000 100.000
13 118 G030 0.000| 38 2,599 0000 G000 &% 88853 0128 0012882 1337481 0.000 100000
14 013 0000 0.000| 37 2676 0.000 0.000| 8D ETSI3 0995  032E| A3 1511814 0.000 100,000
9% OIS0 0000 000038 3408 0000 0000081 7339 0386 0AT2| B4 1TE4E13 0.000 1000001
| 18 0472 000D 0.000] 38 1505 0000 D000 62 BASE3 0842 1304 BS Z000.000  0.000 100000
17 0457 0000 000040 4472 0000 0UO00) B3 101480 1293 2527 |
18 0226 0000 0000 41 5122 0000 Q000|864 11620 2227 4754
19 0259 0000 0000 42  SBET DOOD 0000 ES 133400 4000 ATET
20 029 0000 0000 43 0 BFI0 D00 Q000 G5 152451 8485 15243
21 0330 0000 0000 44  TBET D000 0003| &7  1T4E16 9556 245
22 0386 0000 0000|452 8816 0000 0000 BB 200000 12195 36,794
21 D445 0000 0000[ 45 10087 0000 0000 69 Z2907S 14037 S0.B

A13



H il Hariba Lok oty
Mg&l_&é LA-920 (. WisdowsTho| WETQLA 025) Var.3 23 Labevaty Mamianr
Fllesiome 1200304280014182 Crvine, CA 91614
1oe i200309171437206 Brama: | T3]
sample Mame :503IM000413 REDO Fax: (H¥) e
Hatarisl S0IM000413 REDO
Sewrce 1 mm:mld
Lot Number 11099 24he's el
Sproling Tines 40 BLA inoee - IR0e0L0]
S0 dma: J0bamice’ o ) vaagare ¢ L )
Hedan  : 212.0815m) s.0. '
L2 '-:;‘m g‘_ 1 55531
Rxe 213 HIum) (TR TR
o 1 LIS o1 iDopem
‘“-l:?"-l" Diam et r on "

J6kum|)  (AE0LD [N L5 “BED (wen) LS00 M) ARAOI0N)
1 (%) WS.o6pm) (/00 (W ML) B0 () m 10600my 48L%%)

(W) 351.600m)  (N)M0.00 (W) 190,04 AI50 (um) FIMINW] TROOQmy PR
(4000 (%) 17LOSLWN) (OO0 (W) IMENMim) 0 lum) LMW  SM00 G.0XX™)
(SM0.00 (W) 191.60000m)  (1E)95.00 (W) <7 613um] 2120 fuml 90,97 1%) n.nmit 0 C00{ )
34,00 - e e - ——— [T,

| :

£ ¢

' i.‘ -g

1 L]

[

| I |3
[

: i [ '

: 11T
ﬂ_o b P Y ey - rhis -———d‘lﬂ- l +ll|-.“--.a--—d ﬁro
0.020 0.100 1.000 10.00 100.0 2000

Diameter (jm)

[ — Urder % [N, Damelar Unoer % MO Diameser Undw ‘e, Dlumeier Umder |
[y " gear ebdd  e855/34 "D Godd TObeo 7 11505 TEORY T 000Y 70 s XG0 maamsl

2 8439 OHO0O0 OO0 2% pasd 0000 OO0 4B 13248 Q000 000D TI MASIA QT Ad3Ed

H Q&2 QOO0  QOOD| 28 onéd 0000 G000 48 18472 @000 G000 F1 34300 Vo0 AP4DY7

4 Q03 0COD 000D A7 0TS 9000 Gobald3 P37 Q.00 0000/ 71 WA Eed asbl 0214

& €030 0000 0009/30 OATT DOOD OO0 51 19604 Q000 0000 TM &EIESE JAM W

8 o044 ooon ODCDIZe 1688 OGN0 0480'SE  217% QO ocoo TH SR DM PIM

7 o081 0600 G000, 30 AiS1 Q00 OG0 53 20111 QGO G007 SR 1L Gala

3 o08h 0Deo0 G000|31 131 0000 OCSO 56 29807 OOX G000 7T APASHA D00 90.5%0

B 0087 o000 0000[33 150 0000 0000 55 3azas 000 Q000 T8 TRIMAN 040 160 GRC

2  oors 0408 ofe0led e o000 o000 34  MIM 0000 4000 TR MO QO0G 1C0.0Q
1 087 (0000 OO0l Je 1981 OO0 €000 57 4ddM 0000  0.000, 80 1019918 0008 100N
14 L1900 Q80 QOO0 M 2760 0000 400'5H 514 AE00 G000 Y MErTH 00K 103 033
12 115 0800 Qcoo 38 2.6 0O @000 58 SAE] G52 A2 B3 KIT4M g.3ec 10008
4 813 060 COOO 3T 197G 0D G000, 00 W71 0360 odiz]ed 1didie 9060 lO M
16 LI 0600 oDl M 3400 00B0 €000 81  ITAM GaS  ofed me PE441) 8000 150,000
1§ 0177 00 O0Doe()Y 25 0666 000 82 A AEX 18D e 200000 0000 iEED0D
17 SI8T 0033 QOMC 4§ 447F ODD0 QOO0 B WIS 1T M0

W 6w 0000 €888/d) 6972 0000 G000 B [WIW 1IN aeal

W O35 0000 0000 47 S8 0O 0000 63 1))103 S48 12239

wn 5398 0000 ODOO|4d ATE 0030 C000 68 15248 AW

3 A% GO0 OO0 4e  TANT oo uu:u ARG WM 31l

53 0789 0000 oOob 46 M L0 G000 84 OO0 12804 Ad0es

D P44 0093 o0t e8 VOCET COG0 QOO0 &9 90T 11TON BT

‘

A.l4
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HORIBA LA-920 5, windowsTh [ WETELA-920)] Ver3.25

LA mystem for Windaswts
Filename

1D#

Sample Hame
Material

Source

Lot Mumber

S0, Area: 3LPom? jomt )
Median @ F529810{pm)
Mean :HE.Iua:p-n]
Mioda 1 214, 22 13(pm)
Span @ 21373

% on Diameter

(1)5.000 (%) 97.006{um)
(2)10.00 (%} 115.383(um)
(3120,00 (3} 148.715(um)
(4]30,00 (%) 175.496(prm)
(S140.00 (%] 203.385(pm)

15.00

i200308280816182
1200309021042190
1503M000414
(503M000414

!
11000 24hr's

{66000 () 269.138(um)
{7Y70.00 (%) 320.506um)
(H)B0.00 (W) 4 )
(9990,00 (%) 615.016{m)
{10}95.00 (%)~ B05.258(m)

Cireulation Speed 13
Ultra sonic
Laser T% : 80.3%
Lemp T% 1 B5.6{%
Cale, Level 230

FUR.Indiex :1B0aiNI0T
Varlanoe 1 SOTOR(pne )
S0, 1 225, 1B14m)
o 1 78002
Gen. Mean ¢ 245 ME5{pm)
ini-2 : 0055973
Diamater on %o

3500 (pm)-  F5H36%)
B00.0 {(um}-  BSLSI1(%)
4250 (ym)-  BOLBAAH)
30000 [pm} 66553 %)
2120 (pm)-  43.0650%)

HE g ]

150.0 {un) 20096(%)
106.0 ()

75.00 {um}
JE000 (i

- -r100,0
1 -~
- ,"-.
Iy
7 !
|
= L
| / e
- _' L
gl 8
5 i i E
g &
B |- I
0.0 SR L T — = "':l:l:} T .0
0.020 0,100 1. DD::I 10,00 100.0 2000
Diameter (um)
o 1
Mo, Clameter Under % [Mo. Diameter Urdter % | Mo. Cramatar Uinder % Mo, Diameter Unider %
T hhEE nO0E  G000] 34 0510 G000  0.000) 47 11565 0,003 0.00¢| #0 260376 0531 BE.431
2 OU2E 0000 0000|225 0584 0000 0000 4B 13245 0114 02671 300518 BMT 6578
a 0020 0000 0000|266 OGS 000D umn|49 15472 0120 0.336)72 34206 GTIE TIEM
4 0034 0000 000027 DTS 000D DOOD| S0 1REFF 0119 DMES| 73 FM244 S201 TETIE
] 0033 0000 000028 OATT  0LO00  DODO| &1 18504 0113 DSBE| T4 4518586 4106 B2ER2
| & 0044 0000 0000 23 1005 D000 O000| B2 22797 O0S DT 75 BIT.200 3415 BB.236
7 0051 0000 GUoDo 30 1451 000 0000|531 2E111 0000 DET3I| TS GERGET 3007 @G
] 0058 0.000 00003 1348 0006 G000) B4 20807 0000 Q673 VT ETAS04 2740 919831
B 00sT 0000 000032 1,510 0000 0000 55 34255 0000 0673 TE TITO4T 2467 480
10 DOTE 000 0000153 1720 0000 0000 56 39234 0407  O.FE0| T8 BSOLIIE  R06W 96.820
1 DOBT  0UB0G 0000 34 1581 0000 0000 57 44503 0128 0000 A0 1019515 1550 68130
42 0400 0000 0.000( 35 2360 0000 DODD 58 51471 0185 1077|810 16778 1003 B35
13 0115 0000 0.000|38  288% 0000 0OD0| 58,859 0240 4025 A2 337481 OGET ERESD
14 0131 0000 0000037 2OTE DOOD OO0O|60  GTS23 D400 1.724) 83 1531814 0310 100000
45 0451 0000 000038 3408 QOO0  O000) 61 T733R  DUSAT 2411 B4 TS4E13 0000 100.000
18 0472 0060 0000 34 3605 0000 0000 G2 BESEZ 1206 3817 8BS 2000.000 0000 100.000
17 0487 0000 000040 2 4472 0000 O0000f &3 10460 2064 SEM |
18 B228 0000 0J000| 41 g1x2 0000 0000 64 1IEZI0D 3308 A5S)
15 0288 000D 0.000| 42 5857 0000 O.000) 85 133403 5080 14070
20 02B6 000D 000D &3 &TRD 0000 O000| 66 152453 6d4d 20814
3| 0319 0000 0000 44 THIT 0000 00007 6T  1T4E16  B.I3E 20240
72 033 0000 000045  BEIG 0000 QOGO 65 00000 8509 3B8.T50 |
I3 0445 0000/ 46 10097 0000 0000 BR 226075 10042 AEH00 ]

A.l5



HORIBA LA-9 Hoviba Laborstory
A0 s S Tt mhﬂmmtmmﬁus Laberatery Menager
Filannms 1200308200816182 "‘"m‘"‘“
1o# 120030917 1444207 ',._“'"' 1422
H-hu:l * ::’m“ e
14 REDO
Sourca i Crouaton Speed 3
Lot Number 11000 24hr's ol
Feim of Ohtrbuten (Slnded Ly T 1L %)
Cexirdndcn Bae  wohure Calr. Lse! 130
mh 1m}'“ RAInden -180e0100
\ i MESem Valanoe - AN
Medion  : 231.0850um) Tt
Hawn | X009 () oy ; ML2N0E
Mode 7 AT1L{um) s, Wawn | 57 ST Nyum)
Span 1 LEDY -l LI
1‘1;'#& SE0wm) gt
(4360.00 (%) 272 PO um) (8500 (wmy 53 L H T
% 19.0Km]  (TPLO0([W) 19 IS(m) 00,0 (wm} uut} tﬁ#
M) l2oShpn)  (9080.00 A%, | 1a{pm) 4150 (pm) TP 75.00(sm)- 1 AEO(%)
mm: §T2. 901 ) }m T A M) 3000 (pm) 64 ) $1.00(pmy ]
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